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H. Braubach, DL 1GBH 


V-MOS Transistors 


in Power Amplifiers for 144 MHz 


Several V-MOS power transistors have 
become available on the market in the last few 
years. This article Is to describe the differen- 
ces and advantages of these transistors with 
respect to conventional MOS and bipolar tran- 
sistors, and is to give information regarding 
their applications. Three power amplifier 
Stages are to be described that match one 
another. They allow one to carry out one’s 
own experimentation and to gain experience 
using these components. On being connect- 
ed together, a three-stage linear amplifier re- 
Sults that will provide an output of 80 to 100 W 
at 144 MHz witha drive of less than 50 mW. The 
article is completed by describing measuring 
aids and a harmonic filter which is able to 
handle this output power level. 


1. 
V-MOS, A SHORT INTRODUCTION 


In the case of conventional MOS-FETs, the cur- 
renl flows horizonially in the substrate, as shown 


Source Gate Orain 
S102 
Sy 
Fig. 1: 


Cross section through a conventional MOS-FET 
(SILICONIX data book VMOS Power FETs, 1980) 
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in the diagram given in Figure 1. The resistance 
between source and drain is dependent on the 
potential al the gate. With a given spacing source 
— drain and a given gale surface, it can only be 
reduced to a minimum Ros on. If the MOS-FET ts 
to produce power, it is necessary for Ros on to 
only amount to a few 2, otherwise, the dissipa- 
tion power of ihe transistor will be too high. Of 
course, there are convenuonal MOS-FETs 
having a fow Ags on. however, they require a large 
gate surface and therefore exhibil a large gate/ 
source Capacilance, For this reason, such transi- 
slors are only suitable lor low-frequency applica- 
lions 


In the RF-range. conventional MOS-FETs can 
produce powers of up to 1 W Higher power levels 
— up lo approximately 120 W at frequencies of 
up to approx. 300 MHz - have only become pos- 
sible using MOS technology since the develop- 
ment of the VMOS-FETs. The “V" stands for 
thei vertical siructure. the current flows verti- 
Cally in the substrate, as shown in Figure 2. 


Due to the “structure, he channel length is only 


Drain 


Fig. 2: 
Cross section through a V-MOS FET (SILICONIX) 
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approximately 1/3 thal of conventional MOS 
struciures, which reduces the ON-resistance to 
approximalely one third. Furthermore, two cur- 
rent channels are formed, which allows the ON- 
resisiance to be halved again. The other drain 
siructure also allows ihe ON-resistance to be 
reduced so that considerably higher currents 
can flow than in the case of a conventional MOS- 
FET for the same input capacitance. 


Further very important advantages of V-MOS 
transistors Should also be mentioned briefly: 


@ They exhibit a low feedback capacilance 

®@ The inirinsic feedback capacitance is virtually 
static in contrast to bipolar transisiors, which 
leads 10 a very much lower tendency lo para- 
metric oscillation. 

@ V-MOS transistors have a negative tempera- 
ture coefficient, which means that the drain 
current is reduced wilh increasing lempera- 
lure. This ensures thal the transislor cannot 
destroy itself. 

@ V-MOS transistors exhibil an extremely linear 
characteristic. The required quiescent current 
is simply aligned by connecting a DC-voliage. 
and a temperature compensation ts not 
required. 


2: 
BASIC CALCULATIONS IN THE CASE OF 
V-MOS POWER AMPLIFIERS 


The maximum obtainable power that can be 
achieved with a Iransisior can be approximated 
with the aid of equation 1. 


- (Upo — Ups on)? 


2xR 
whereby 
Upp = Operating vollage 
Upson = Drain/source residual voltage at full 
drive 
R, = Load resisiance al the transistors 


The residual voliage Ups on, Can be calculated 
with the aid of equation 2. 


Upson = Imax * Roson (2) 


One Is now able lo see the effect of the transistor 
impedance Hps »., which was discussed in sec- 
tion 1. A higher res:stance allows the residual vol- 
tage Ups an to be high and also only allows a 
lower oulpul voliage. The maximum ouiaul po- 
wer P,u: iS mostly given in the data sheets, The 
required load resistance R, at the transisior can 
then be calculated according to equation 3. 


(Upp = Ups on)? 
es 2x Pos ®) 
Finally, a fourth equation is to be given which 
allows the possible gain (in dB) of a transistor to 
be calculated: 


, Om? x Rs 
ip = 10 Jog Re (WRow + WAZ oy 


Aller two transformation steps one will obtain 


2xR 
Gy = 10 log es ee (40) 
Rout * AL 
where 
Qn = Forward slope 
R, = Source impedance of the input 
Ry = Load resislance at the drain 


Rout = Oulput impedance 
G, = Power gainindB 


As is shown by equation 4b, the power gain ts 
very strongly altected by 1/R, in the nominator, 
which means that when R, increases. this will 
also cause Ihe gain to increase. However, since 
RP, 1s also present in the nominator of equalion 1, 
the maximum output power will drop al lhe same 
ume. This means that the maximum values of 
gain and output power are not achievable al ine 
same lime 


2.1. V-MOS Transistors Used 


SILICONIX types DV 2805, DV 2810, and 
DV 2880 have been used. They belong |o a 
series of N-channel enhancement FETs that 
comprise six types: DV 2805, DV 2810. DV 2820, 
DV 2840, DV 2880. DV 28120. The number “28” 
in the designation shows a nominal operating 
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Fig. 3: 
Types of cases of the VMOS FETs used 
(Siliconix) 


voliage of 28 V, whereas the last two or three 
digits refer to the maximum oulput power The 
designalion “OV” designates types for ihe VHF 
frequency range in the order of 175 MHz. 


All these transistors thal exhibit a low noise 
figure are able to handle mismatch condiuons, 
do nol run away thermically, and can be desig- 
ned to operate with simple bias circuits for class 
A, B, or C with a high dynamic range. Their nomi- 
nal power gain when connected in a common 
source circuil amounts to 10 dB. They are avail- 
able in cases type “W" and “S”' (see Figure 3): 
ihe higher-powered transistors are available in 
cases "W",""U" (as “'S", but larger), and “T™. The 
cheapest and thus most interesting types for 
radio amateurs are the transistors mounted in a 
“W"' case. 


Characteristics 


A few imponant specincauons 01 Ine Inree Iransi- 
slor lypes used are given in Table 1. 


3. 
DESIGN OF THREE AMPLIFIER STAGES 


The requirement was to design a power amplifier 
wilh an oulput power of approximately 100 W and 
wilh a drive power of a maximum of 100 mW. Of 
course, a gain of 30 dB cannot be obtained in a 
single transistor silage V MOS FETs have a lypi- 
cat gain of 10 dB per stage, which means thal 
inree amplilier stages are required. All three sta- 
ges are designed so thal they possess an inpul 
and output impedance of 50 Q. This simplilies 
alignment and allows each stage to be used indi- 
vidually, Special tealures of the circuil are now to 
be described briefly, beginning with Ihe output 
silage The overall circu diagram is given in 
Figure 4. 


3.1. The 100 W Stage 


The transistor type DV 2880 is used in this slage: 
this is able to provide approximately 100 W PEP 
at 145 MHz with a gain of 10 dB al an operating 


Absolute IImit values at 25°C 
Gate-source voltage 

Drain-source voliage 

Drain-gale voltage 

Drain current 

Dissipation power at 25°C case temp 


Operating vaiues at Ups = 28 V.f = 175 MHz 
Ouipul powr Pou; 

Drain efficiency 

Slope Gm al O.5 Ip max 

Inpul capacitance al Ugs = OV 

Output capacilance Coss al Ugg = OV 
Feedback capacnance C,., at Ugs = OV 
Noise figure al 0.05 Ip max 

Transistor impedance Ros on 


DV 2805 DV 28610 - DV 2880 
= i T 
40V 40V 40V 
B0V 80V B0V 
80 V 80 V 80 V 
O5A 1A BA 
10W 20 W 160 W 
/5Wmin | 10Wmin. | 80Wamin, 
60% typ 60% typ. 65% lyp. 
65mS typ. | 130mS typ. | 800 mS min. 
12 pF typ 22 pF typ. 210 OF max. 
11 pF typ 21 pF typ. 175 pF max. 
15 pF typ. 3 pF lyp. 25 pF max. 
6.8 8 lyp 68dB typ 4.0 dBiyp 
14Q 12 05Q 


Yable 1: Several impenant specifications of Ihe V-MOS transistors used 
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3 30V! 
DL1GBH powd| ome 
= = ——_—__—__—+ ov 
DLIGBH 002 
J 
P<20mW P=700mw 22 0W P= DOW 


Fig. 4: Overall diagram of the three amplifler stages for 144 MHz 


voltage of 30 V In order to calculate Ine required ‘4 UB 
Joad resistance A, the following specifications 


at 
are required —b noth 
= 052 | i 


Roson = 
; | Fz. .-50 
Imas = SA “4 Ch | a Se 
Uco = 30V a _ 
Por = Oe Fig. 5: Output transformation of the 100 W stage 
This can be calculated according to equation 2 
as: 


Upson = OSQ x 5A = 25V 
and according to equalion 3: 
_ (OV - 25 Vv)? 


= = 3.28 
Re 2x 100 W aad 


This means thal the output impedance must be 

transformed to 3.28 Q as load impedance forthe _—- Fig. 6: Input matching of the 100 W stage 
transistor, which is cared oul with the aid of a 

circuit as shown in Figure §, Inductance L, is de- 

signed so that it forms a parallel resonant circuit 

together with capacitance Cog of Ihe transistor r 

so that 11 is able to neutralize this capacitance. “B 

The toad of 50 Q present on the output socket is 50k 7P015 

transformed with the aid of L;, Cs, and C, to an 

impedance of 3 26 Q at the transistor. 


The input matching is made with a similar net- om) ad 

work (Figure 6). In order to avoid parasitic oscil- 

lations, 2 resistance of between 100 and 680 Q 1s 

connected in parallel with Ihe inpul. In the case 120k 

of ihis amplifier siage, a value of 560 2 has been 

found suitable. Fig. 7: Operating point adjustment of V-MOS FETs 
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The quiescent current is determmned in a simple 
vollage divider which can be high-impedance - 
as in Figure 7 -, since a very high inpul impe- 
dance exists for DC-voliage For this reason, 
there is a danger of the transistors being destroy- 
ed by static charge. as is the case with all MOS- 
semiconductors. One should therefore firstly sol- 
der in the resistor \o ground belore mounting the 
transistor. 


3.2. The 10 W Stage 


The driver stage mus! provide 10 W inlo 502 A 
type DV 2810 is used whose load impedance can 
be calculated as lollows. 


Upson = 052x 1A =05V 


(29.5 V)2 


= 43, 
2x 10W il 


R, = 


The input and oulput matching are realized with 
similar networks lo that of ihe 100 W silage The 
input matching 1s somewhat simpler as can be 
seen in the circuit given in Figure 4. 


3.2 The 1 W Stage 


Since the 10 W stage provided a gain of approxi- 
mately 12 dB instead of the assumed 10 GB. the 
Jirst’ slage equipped with the V-MOS type 
DV 2805 only has to provide an output power of 
approximately 700 mW For this first slage the 
following specilications can be calculated 
according ta the previously mentioned equa- 
lions: 


Upson = 1Q xX OBA =03V 


This vollage drop can be neglected 


2 
a ae 
2x07W 
-Up 
Lp 
Cs 
ip a 
Cp Zout 50/7 
ta ‘ | ; 


Fig 8: 
Outpul matching of the high-impedance 1 W stage 
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This means that the transistor inpul Impedance 
of 50 2 must be transformed to 642 Q al the 
Iransisior with the aid of a matching network 
This is achieved with the circuit given in 
Figure 8. The input matching is made with a sr- 
milar network to thal used for the order two 
higher-powered stages. 


3.4. Special Components 


Li: 2 turns of 1 mm Gia. siiver-plaled copper 
wire wound on a5 mm former, pulled aul to 
a coillength of 15 mm, self-supporting. 

L2 1turnof 2mm dia. silver-plated capper wire 
wound ona 5mm former. pulled oul lo a coil 
length of 5 mm. self-supporting, 

L3° 13 turns of 1 mm Gia. silver-plated copper 
wire, wound on aS mm former. 

L4: 9 turns af 1 mm Gia silver-plaied copper 
wire wound on a 5 mm former, pulled to a 
coll lengih of 15 mm, self-supponing 

LS: 4 turns of 1 mm dia silver-plated copper 
wire, 5 mm former. 5 mm long. self- 
supponiing 

L6: 2 turns of 2 mm dia. silver-plated copper 
wire, 5 mm former, 15 mm long, selt- 
supporing 

L7 31urns of 1 mm dia. silver-plated copper 
wire, 5 mm former 7 mm long. self- 
supporting 

L8& 05 turns of 2 mm dia silver-plated copper 
wire, 15 mm former, self-supponing 

9 pcs. mica Irimmer capacitors as shown in 

Figure 4. 

The coupling capacitors of 1.5 nF in the input and 

Griver Stage are mica types. 


Ceramic mutt-layer capacitors of approximately 
1 nF should be used for bypassing the drain 
voltage: a 10-turn helical iammer polentometer 
should be used for adjusting the gate bias 
voliage. The feedihrough capacitors should be 
for screw fitting. and have capacitance values of 
between 1 and 2 nF. 


4. 
CONSTRUCTION OF THE AMPLIFIERS 


A universal PC-board is provided for the various 
amplifier slages (Figure 9). it is 105 mm x 54 mm 
and 3S consiructed from 1.5 mm thick epoxy 
glassfibre board 
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— 105 


Fig. 9: Single-coated universal board DL 1 GBH 001 


Each board is provided wiih a cutout for the Iran- 
sisior SO that the transistor itself can also be 
directly screwed (o the base plate of the case 
The components are direcily soldered to the sur- 
lace of the PC-bdoard. 


Each amplifier stage is installed in a cast alumi- 
mum case The cases are prepared as shown in 
Figure 10. whereby the two M3 threaded holes in 


15 


eit 


Flg. 10: Preparation of the cast aluminium case 


DL! GBH 001 


the narrow side panel of the case are only requir- 
ed in the case of the 100 W stage, and only on the 
output side, since an N-connector is lo be used 
here thal has a conventional BNC-flange. The 
central hole at the bottom of the case 1s used to 
mount the transistor; this position is marked after 
the PC-board has been placed into the case The 
other four hales in the base plate are used for 
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mounting the heat sinks. which are only used for 
the two higher-powered slages; they are counter- 
sunk lor M25 screws These are not required for 
the 1 W stage. The holes sn the long-side panels 
are for wo feedthrough capacitors, each, and 
Ihose on the narrow-side panels are for BNC can- 
neciors for single-hole mounting 


It is now possible for the amplifiers to be con- 
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Y Construction of the 
Ly 1D W amplifier 
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Fig. 13: 
Construction of the 
100 W amplifier 


SS 


Y 
Y 


Ts N 


strucled according to Figure 11 (1 W stage), 
Figure 12 (10 W stage). or Figure 13 (100 W 
stage). 


The construction is commenced with the 
resistors. after which the transistor is soldered 
imto place belore the inductances and capaci- 
tors. A photograph of a completed 1 W stage is 
given in Figure 14, and the two “higher 
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Fig. 15: The 10 W and the 100 W power amplifiers are mounted together with the dlas voltage board 
OL 1 GBH 002 onte acommon heat sink 
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OL 1 GBH 
002 


Fig. 16: The single-coated bias board DL 1 GBH 002 


powered" Stages, logether with a small board to 
provide the bias vollages. are shown in Figure 
15, The 100 mm x 30 mm baard DL 1 GBH 002 
(Figure 16) accommodates the two spindle Irim- 
mers, the relay, the zener diode, the 1 mF electro- 
lytic. and a few solder points. Figure 17 shows 


Short BNC cabie 


Bras +30V Bas 
of output stage | 
X Ground) /™ 


Output stage 
@ Imm CuAg 


Output Ow 


+2V of driver 


Driver stage 


the component localion plan ol this PC-board, to- 
gether with the overall construction and inter- 
mediate connections. Finally. it should be noted 
that the two lower-power amplifiers are provided 
with covers, whereas this is not the case with the 
100 W amplifier, in the case of the latter, the 


Inpul stage 


Short BNC cable 


Fig. 17; Mounting and wiring of all three amplifiers to form a common linear amplifier 


with 37 dB gain and 100 W outpul power. 
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Fig. 18: 

The following swept- 
frequency responses can be 
seen: 

Upper left: Tendency to oscil- 
lation due te extra coupling: 
Upper right: Slight oscillation 
of the amplifier; 

Lower lefi: Constant strong 
oscillation; 

Lower right: Correct swept- 
{requency curve 


{osses due to induced AF-currents in the cover 
are so high that the full output power could no 
fonger be achieved. 


§. 
ALIGNMENT OF THE AMPLIFIERS 


Any amateur who has constructed a power 
amplifier with an expensive transistor and is 
about to align it, knows the danger of a sudden 
self-destruction of the transistor The actual 
danger are parasitic oscillalions which cause a 
steep increase of current. The resulting exeeding 
of the limit values can be avoided by nol pravi- 
ding a Continuous signal al one frequency, bul 
driving the stage with a swept-frequency signal 
over a wider frequency range. If frequency devia- 
lion and speed are large enough. the transistor 
will only be in critical operavng condmons for a 
very shorl period. which usually does nol 
endanger the transistor. Tendency to oscillation 
and other instabililies can easily be seen on the 
swept-lrequency curve. Figure 18 shows a few 
examples of Ibis. I1 is also favorable to manitor 
the input matching by placing a standing-wave 
meter (retleciometer) between generator and the 
amphfier stage to be aligned. 


NILA 
THA 


5.1. Adjustment of the Quiescent Currents, 


For alignment of the quiesceni current, each 
amplifier stage is terminated with 50 Q al ihe in- 
pul and output Funhermore, it should be 
ensured thal the potentiometers are placed in 
their fully ground position before connecting the 
gale bias voliages. This is followed by connecting 
the voltages of +30 V (max. 5 A) and +12 V for 
the relay; ihe following quiescent currents should 
be adjusted 


1 W silage: |p 25 mA 
10 W stage: |, = 100mA 
100 W stage: lh = 400 mA 


i] 


The current should increase continuously on in- 
creasing the gate voliage; any sudden increase 
indicates unwanted oscillations. In this case, 
reduce the gale vollage and aller the alignment 
of the capacilors somewhal After this, realign 
ihe quiescent current 


5.2. VHF Alignment 


This alignment requires measuring equipment 
that shoulc se connected as shown in Figure 19 
Firstly only connect the 1 W stage and align it for 
maximum oulput power, A smooth, and conti- 
Nuous swepl-frequency curve shauld be obta:y- 
ed, similar to thal shown in the lower pan of 
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Osci'loscope 


¥ 


Measuring 
probe 


X 


Fig. 19: Measusing equipment for alignment: 
the attenuator must be able to handle the full outpul power 


Figure 18. If Ihe first stage is aperaling correclly, 
the 10 W siage is connected lo it and aligned ina 
similar manner to that of he 1 W stage (to which 
no further alignment should be made) Alter 
completing the alignment of the 2nd stage. ihe 
100 W stage is connected and aligned tna similar 
manner, After this, 1 is possible for corrections to 
be made to all alignment capacitors tn order to 
obtain the maximum outpul power together with 
ihe most favorable frequency response. The aut- 
hor's prototype obtained an output power of 
100 W with a drive power of 20 mW; an outpul 
power of 80 W should always be achievable 


The measured values of the prototype are given 
in Table 2. 


In one of the next editions of VHF COMMUNI- 
CATIONS. we will bring the concluding parts. 


6 Home-made measuring aids 
7 Harmonic lilier 


For thase requiring more information on V-MOS 
uansistors, we would like lo point out Ihat SILI- 
CONIX publish a booklet entitled '"V-MOS Pawer- 
FET Design Catalogue’. 


P,,./dBm P,,/mW P/dBm Py/mW 
5 3.2 19 4 87 
6 4 20.2 105 
7 iS) 212 132 
& 6.3 22.1 162 
9 79 23.1 204 
10 100 23.9 245 
1 12.6 24.8 302 
12 15.9 258 380 
13 200 26.8 479 


P,,/dBm P/W P,,/6Bm P,,/W 
350 3.16 425 17.8 
36.0 3 98 433 21.4 
36.8 4,79 443 26.9 
37.6 575 455 355 
383 6.76 46.8 47.9 
38 8 7.59 48.1 646 
39 3 851 48.8 75.9 
39.7 933 493 85.1 
40.0 10 50.0 100 


Table 2: Measured values of the 1 W stage (I), of 1 W and 10 W stage (Il), as well as of all three stages 


connected together (Ill) 
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Istvan Szabo, ap. of HA 5 KFV 
Sandor Nagy, HA 5 GH 


Input Filters For Receive Applications 
In The 144 MHz Range 


Most active VHF amateurs will have noticed 
that many non-amateur signals are audible in 
the 2 m band. These can be caused by many 
things, and can also be generated in the re- 
ceiver itself. For example, two or more legal 
out-of-band signals can generate in-band 
signals within the amateur band due to inter- 
modulation in the input stage of the receiver 
or preamplifier. These can be mixed with the 
“wanted"' signals and be demodulated with 
them. 


A further problem can be caused by individual 
out-of-band signals from very strong trans- 
mitters that shift the operating point of the 
first stage and thus reduce the sensitivity of 
the receiver (desensitization). If the strong, 
out-of-band signal disappears, the (weak) 
amateur signal will be audible again. Such 
surprising variations are not caused by tro- 
paspheric propagation, but by the insufficient 
large-signal handling capability of our recei- 
ver. 


Such Interference can be reduced, or even 
completely suppressed by using a selective 
filter at the input of the recelver that only 
ajlows the required frequency range to pass. 


A good filter will also reduce tne sum power of 
ignition intlerlerence and other man-made noise 
(also a form of coniaminalion!). Of course, the 
rema‘ning interference in the band will still be 
bad enough, and one could assume that this pro- 
blem could be solved by simply increasing the 
transmit power in order to ease reception This 
may bring a lemporary improvement, however, iI 
all other transmitlers operate with higher power. 


the same old situation will prevail. For ths 
reason, atlempts are being made throughout the 
world lo improve the large-signal capabilities of 
receivers. The described bandpass Iilier repre- 
sents one of these possibilities. 


1. 
BANDPASS FILTER 


As is probably known, the losses of a resonant 
circuil are dependent on the Q of (he inductance 
{ and the capacitance C If the Q of a circuil is 
tgh, this will mean thal the resonant curve is 
sha‘p Ts curve can be made sharper — or its 
slope steeper - when two resonant circuits are 
coupled together. For quantitative calculations, 
which can be made wilh computers nowadays, 
one ‘equires values of O and degree of coupling. 
Calcuialions need nat be made individually sin- 
ce the resulls can be taken from well-known 
lables and diagrams (1) and (2). 


For the desiqning process, one requires the re- 
quired frequency 'esvonse with atlenuation va- 
lues at certain frequencies to form the basis of 
the calculation (Figure 1). The insertion loss 
(loss In the passband range) ap can fluctuate be- 
tween a minimum and maximum value within the 
passband range (number of maximums corres- 
ponds to the number of coupled circuns). The 
corner frequencies ol the passband range are 1o 
be designated [,; and f,2. The allenuation a, , will 
appear at frequency [,;, and the atlenuation 
should obtain the value aco at fea. 
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The slope steepness of [he filler is dependent on 
the number of resonant circuils and on the 
Q-values The shape of the curve, that is tts band- 
width, as well as the value of the insertion loss 
can be varied with the aid of the degree af coup- 
ling {f the coupling is fixed, the passband curve 
will become wider and the fluctuations of the at- 
tenuation (ripple) within the passband range will 
become greater. In the case of so-called critical 
coupling, the relationships are more favorable, 
bul the bandwidth is lower. A loose coupling. 
finally, results in the lowest bandwidth, but also 
the highest insertion loss, 


In other words, each filter design requires com- 
promises and the task is to obtain a required 
bandwidth with a minimum of insertion loss, and 
al Ihe same time to obtain the required attenua- 
tion values for out-of-band signals (ultimate 
allenuation). 


142 


Fig. 1: 

Typical frequency response of a 
bandpass filler together with Its 
specifications 


an 


-STAGE FILTER FOR 144 MHz 


A liller is now to be described for home-consiruc- 
tion whose specilicalions are givenin Table 1: 


Center trequency: (5 = 145 MHz 
Insertion loss” a = 16-18dB 
Lower corner Irequency Io, = 144 MHz 
Attenuation al (5) ay = 200B 
Upper corner frequency [p2 = 146 MHz 
Attenuation al fp2 az = 200B 
Lower cul-oll frequency fey = 140 MHz 
Attenuation at {oy acy = 36-400B 
Upper cut-oll frequency foo = 150 MHz 
Attenuation at f.2 aco = 36-38 6B 


Table 3; Filler specifications 
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The filter comprises capacilively coupled LC- 
circuits. In the case of 144 MHz, high-Q. air- 
spaced coils with compact dimensions can be 
used. When using Silver-plated wire and nol too 
many turns. one can obtain Q-valués of over 100. 
This is, of course, no Comparison lo the Q of coa- 
xial resonators (in the order of Q = 1000). bul the 
manulacture is considerably simpler. Induc- 
lances ‘or 144 MHz can be mace from 1 mm dia. 
wire wilh a coil diameter of 6 to 8 mm. 


Air-spaced or PTFE trimmers of 8 lo 15 pF can be 
used for tuning, however, (here are some other 
solutions The construction of special coupling 
capacilors 1s also to be discussed in this arlicle, 
since they contribute lo the tuning elements. 


Input and oulput are inductively coupled since 
they allow simple transformation from 50 © to the 
resonance impedance of the circuits which are 
usually in the order of kQ. In arder to achieve Ihe 
required Iruely capacitive coupling, il is neces- 
sary for the individual inductances to be accom- 
modaled in screening chambers. 


3. 
CONSTRUCTION 


The equivalent diagram of the 4-stage filter is 
shown in Figure 2. The wire length of the inducti- 
ve taps amounts 10 12 ta 15 mm, they are con- 


Cross section 


ws 


Fig. 2: 
Equivalent circuit diagram of a 4-stage (ilter 
with capacitive coupling 


necied Ia the coil at 0.25 10 075 turns from the 
colc end. Silver-ptated copper wire al 1 mm dia- 
meter should be used, and this wound around a 
6 mm lormer. 


Special allention and care was paid lo the con- 
struction of the coupling capacitors C., to C,3. 
The idea was thal (wo neighbouring conductive 
surlaces on a PC-board provided well-repro- 
ducible capacitance values in the required order 
of 0.2 to 1 pF. Figure 3a shows this arrangement 
and its equivalent circuit diagram. Figure 3b 
allows one to carry oul one’s own designs 


Fig. 3a: Schematic arrangement and equivalent circult diagram of a coupling capacitor 


in stripline technology. 
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01 03 oS 1 


Fig. 3b: Design diagrams for stripline coupling capacitors 


Our filler, comprising concentrated inductances 
and trimmers. is complemented by disiributed 
capacitances using this easy-to-use and wide- 
spread stripline technology. These capacitances 
are realized on a double-coated PTFE-glass fibre 
PC-board with the dimensions 100 mm x 50 mm 
(Figure 4) The arrangement is symmetrical. 


The inductances are constructed in a coaxial 
manner in chambers made from PC-board male- 
tial as shown in Figure 5 Allsolder joints — also 
those of the two coaxial connectors (BNC) — 
must be on the inside so thal completely RF-tight 
chambers without gaps resull having a good 
electrical contact to [he inpul and output connec- 
tors. It is only the coupling capacitors that con- 
duci the RF-current from chamber to chamber. 
Tronser ait-spaced trimmers are used thal have 
four connections for which holes have been pro- 
vided on the board. 
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3.4. Required Material 


PC-board HA 5 KFV 001: 100 x 50 mm. con- 
strucied from double-coated glasfibre PTFE 
material (c, = 2 2). 1.5mm thick (3M 250 GX 15) 


The following eight pieces are made from single- 
coaled, normal PC-board maternal of 15 mm 
thickness: 


3 pcs. intermediate panels, 47 x 25 mm 

2pcs side preces, 97 x 25mm 

2pcs panels with BNC connector, 50 x 25mm 
ype cover 100x 50mm 


Furthermore one will require. 

2 BNC connectors (Radial R-141554) 

4 air-spaced lrimmers 

(Tronser 10-1111-20014-000) 

4 air-spaced coils: 7 turns of 1 mm dia. silver- 
plated copper wire wound ona & mm former, self- 
supporling. connected between ground and the 
Tronser irimmer. 
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100 
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Fig. 4: PTFE PC-board HA 5 KFV 001 for a 4-stage bandpass filler for 144 MHz 


15 = }=—25 


nas 100 - | 


Fig. 5: Outside and Intermediate panels, as well as the caver for the 4-stage filter 
These can be made from single-coated PC-board material. 


145 


VHF COMMUNICATIONS — 3/63 


20 


— 


SIE 


yaa ee a es 


Fig. 


146 


140 142 4 165 = =1h6 148 150 MHz 


7: Frequency response of attenuation (continuous line) and return loss of the input 
(dashed-dolted line) 
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Thin copper foil (approx. 0.1 mm thick) to solder 
ine cover fo [he case and as metallic contact bet- 
ween cover and upper edge of the intermediale 
panels. A completed biter. but without cover, is 
given in Figure 6. 


4. 
ALIGNMENT 


Although one can exaclly calculale all values, the 
manufaciuring tolerances of the induclances. 
and the interaction of resonant circuil and coup- 
ling capacilances requires same form of align- 
ment. For this reason, trimmers have been pro- 
vided as well as several “capacitance islands” 
for the coupling The less of these “‘capacilance 
islands’ that are located opposile to each other, 
the looser will be the coupling The optimum 
alignmeni of each 4-stage [iller is a rather compli- 
cated process lor which one requires a swept- 
lrequency system or an RF network analyzer, and 


lots Of patience. 


The first siep is 10 align all circurts to the center 
lrequency of the band (145.0 MHz). The coupling 
iS hen improved in steps by soldering several 
islands together, until the required bandwidth is 
achieved The »npul and output coupling should, 
on the other hand. be as loose as possible, what 
Is achieved by connecting the tapping points as 
near to the cold end as possible Figure 7 shows 
the [requency response of amplitude and input 
matching alter alignment 


5. 
REFERENCES 


(1) D G Fink Electronic Engineers Handbook, 
Mc -Graw Hill Publications, New York 


(2) G. Piizenmaier Tabellenduch Tiefpasse 
SIEMENS AG. Munchen 1971 


New Interdigital Bandpass Filters 


4-stage, sealed bandpass filters for 
1152 MHz, 1255 MHz, 1288 MHz or 1297 MHz 
centre frequencies. 


3 6B bandwidth 

Passband insertion loss 
Attenuation at + 24 MHz 
Atienuation at + 33 MHz 
Return loss: Reckarey ae. ets 
Dimensions (mm). wu. oe 


140 x 70 x 26 


tdeal for installation between first and second pre- 
amplifier or in front of the mixer for suppression of 
‘mage noise. and interfererce fromm UHF-TV 
transmitters and out-of-band Radar Stations. Also 
very advisable al the output of a frequency mullti- 
plier chan, or behind a transmit mixer. 


Price: OM 


168.— 


Please list required 
centre frequency on 


ee lNee ordering 
ek 


lik technik Terry D. Bittan - Jahnstr. 14 - Postfach 80 _D-8523 Baiersdorf 


“el West Germany 9133 / 855 - For representatives see cover page 2 
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A Variable Crystal Oscillator (VXO) with a 
Pulling Range of Approximately 200 kHz 


at 144 MHz 


A variable crystal oscilator (VXO) is to be 
described that has been especially designed 
for use in conjunction with the mini-SSB 
transceiver for 144 MHz described by the 
same author in (1). This oscillator provides a 
very clean signal witha level of approximately 
7 dBm. This can be tuned from 135.15 to 
135.35 MHz, which corresponds to an operat- 
ing frequency range of 144.15 to 144.35 MHz 
for the transceiver, in other words for the SSB- 
range. Details are to be given regarding calcu- 
lation of the crystal frequency, which means 
that this oscillator can also be designed for 
other frequencies. The dimensions of the 
screened module are only 74 mm x 37mm x 
30 mm. It will be seen that Its length cor- 
responds to the widih of the transceiver, 
which means that the oscillator can be locat- 
ed adjacent to the crystal filter of the transcet- 
ver. 


1. 
CIRCUIT 


Variable crystai oscillators are preferably used 
when a relatively narrow frequency range is to be 
covered continuously — in contrast to channel 
switching with FM transceivers. The frequency 
Sstabilily corresponds to a value between a con- 
venticnal crystal oscillator and that of a good 
VFO (LC-osc fator with variable capacitor or dio- 
de tuning). Such variable crystal oscillators 
(VXOs) have deen described several limes in 
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VHF COMMUNICATIONS - the last one was a 
version with eight crystals, whose frequency ran- 
ges overlapped (2). 


In order to ensure a sufficiently wide pulling ran- 
ge, a fundamental crystal is used al one sixth of 
\he output frequency The crystal oscillates to- 
gether with the dual-gate FET T 1 (Fig. 1). The 
pulling inductance L 1 and the output circuit 
comprising L 2 allow the pulling range and the 
maximum outpul level to be adjusted with very 
slight interaction. Oue to ihe control voliage 
generated across diode D }, the output voltage of 
T 1 remains viriually constant over the whole 
pulling range. 


The push-pull push-push doubler equipped with 
Schatiky diodes D 4 and D 5S is provided subse- 
quent to the oscillator and generates a frequency 
of 45 MHz. This is followed by a subsequent 
bandpass filter equipped wilh inductances L 4 
and L 5 which is used Io filter ihe 45 MHz signal, 
especially lo Suppress its subharmomec 
22 5 MHz. and lo supply a clean drive signal for 
the frequency Iripler equipped with T 2. 


The 135 MHz signal generated in the tripler is fed 
10 a Ihree-stage filler and is available al the oul- 
Put at a level of at least 7 dBm. This power levet is 
sufficient for driving standard Schottky diode 
mixers such as SRA-1, 1E-500, MO-108. 


1.1. Selection of the Crystal 


In order to oblain the required pulling range of 
200 kHz at the linal frequency in Ihe 2m band, it 
is necessary - as already mentioned - \ousea 
fundamenial crystal al one sixth of the required 
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DC 6 HL 01 
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Fig. 1: Varlable crystal oscillator frequency multiplication of six-times the crystal frequency 


frequency. Since the pulling range is nan-sym- 
metric to the nominal {requency (2). the specili- 
cations of the crystal should be calculated ac- 
cording to the following equation: 


— fy + 150 kHz Ss fy — 50 kHz 
Lo 6 7 6 

{, = lower frequency limit 

fy) = Upper limi of the pulling range 


ul 


With a pulling range of 135.15 to 135.35 MHz. fq 
will be 22.55 MHz. It is sufficient for one to order a 
fundamental crystal in a HC-43/U (HC-18/U) for 
the calculated {requency that is designed for a 
capacitive load of 30 pF 


1.2. Special Components 


T 1 BF 981 (Philips), BF 907 (T)) or similar low 
noise DG-MOSFET ina plastic case 

T 2. BFT 66 (Siemens) or similar low-noise URF 
transistor in TO-18 case 

11: LM 2931 (National Semiconductor) 


D3: C5V6 zener diode 

D 2.03 BB 505B or 505G 

D 4. D5: HP 2800 (Hewlett Packard) or similar 

Schottky diode 

O6: 1 N 4148, 1 N 4151 or similar switching 
diode 

L1 32 1urns of 02 mm dia. enamelled copper 
wire in special coil set, (7V 1S} with core 
(yellow). (previously: blue). 
Glue the winding to the coil former with the 
aid of a dual-component glue without bub- 
bles. Manulacture as shown in Figure 2. 

L2: 13+ 2+ 2turns, wire and coil setas for 1 
Glue the windings into place. Manufacture 
as shown in Figure 3. 

L32- Miniature cnoke 120 uH 

L4: 2 + 8 turns, wire and coil set as for L 1 
Manutacture as shown in Figure 4. 

L5. 81turns, wire and coil set as for L 1. Connec- 
tion diagram Is given in Figure 2. 

L6 — L8: Ready-wound coil type 05118. 


Crystal. see Section 1.1 

Case: Metal case, 74mm x 37 mm x 30mm 
Tuning potentiometer; 100 k®, 10-turn helical 
potentiomeler 
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End of 2nd lay 


Fig. 3: 
Winding and connection diagram of L z 


Fig. 2: 
Cannections of L 1! and 
L$ (top), and winding 

diagram of L } (below). 
Two layers of 16 turns, 

each! 


a: 
CONSTRUCTION 


All components are accommodated on the 
double-coated PC-board DC 6 HL 012 as shown 
in Figure 5. This board is 70mm x 325mm and 
11S ground surface is arranged so that no RF-cur- 
remis {rom Ssubharmonics can flow to the oulpul 
pins. 


Fig. 4: 
Winding ang connection 
diagram of L4 


The component connections designated with 
crosses should be soldered on both sides of the 
board (Ihrough-contacts) 


Inductances L 1. L 2. L 4. and L 5 are wound 
according lo the above-shown  illustralions 
(Fig 2-4). It is imponant that the winding of L 1 
is carted Out in two layers using 0.2 mm enamell- 
ed copper wire. A single-layer winding using a 
thinner wire would lead 10 too low a winding ca- 
pacilance and too lowaQ Transistor J | is solde- 


Fig. 5: 
The double-coated PC-board is 
to be saldered on both sides a1 
the beard (through-contacts) at 
the positions designated witha 
= cross. 
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red onlo the PC-board with the marking facing 
towards the board. 


After completing Ine PC-boarsd, the outer frame 
of the meta} box 1s soldered around the edge ol 
the PC-board, The operating and tuning vollages 
are fed on via feedthrough capacitors (shorn ty- 
pes) of approximately 1 nF (4 pcs ). A thin coanal 
cable (RG-174/U or PTFE-cable) is passed 
torough a hole in the case and is directly solde- 
red lo Pt 5 and ground ~- solder pins are not ne- 
cessary A photograph of the protolype is given in 
Figure 6. 


3. 
ALIGNMENT 


Connect the operating vollage and the tuning 
potentiometer. Check the stabilized voltage of | 1 
and D 1, 11 should amount to 105 V 


Set the poleniometer to the highes! tuning volia- 
ge and lurn out the core of L 1 The oscillator 
should commence oscillation on tuning L 2 This 
can be measured with the aid of a (high- 
impedance) volimeter at the cathodes of the fre 
quency doubler diades: the reading should 
amount to 0.3 to 0.35 V. 


Inductances L 4 and L 5 should be aligned lor 
maximum current drain of the coinpiete circuit tl 
should amouni to 15 mA. 


Align inductances L 6, L 7. and L 8 for maximum 
Oulpul power: an oulpul power of approximately 
10 dBm should be achieved. 


Rotate the core of L 1 1n, uni Ihe oulpul [requen- 
cy is aligned to fg x 6 + SO kHz. The alignment 
potentiometer is now tuned to the lowest tuning 
voltage, which should result in [gq x 6 - ISO kHz. 
If the inductance of L 1 1s increased further by in- 
serting the core, (his will result in the pulling ran- 
ge lo become considerably greater towards lower 


Fig. 6: The construction requires a steady hand. sharp eyes and a soldering tron with a narrow (ip 
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frequencies. However. the lrequency slabiiily be- 
comes less and less determined by the crystalon 
increasing the pulling range For this reason, it 
should not exceed 200 kHz (-150 to +50 kHz 
from the nominal frequency) 


4. 
MEASURED VALUES 


Stabilized voliage (using 5V stabilizer and zener 
diode 5V6): 11.5 V. 
Operating current (according to frequency): 
16-18 mA 
Frequency range: 135.15 lo 1385.35 MHz 
Output power, 2 7 dBm (5 mW) 
Spurious rejection (fy, + 2255 MHz). at feast 
80 dB 

Allothers atleast 80 dB 
Harmonic rejection (2nd harmonic) 80dB 

All others. ai leas! 80 dB 
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Frequency stability for a temperature jump from 
20 ta SO°C: approx 2 kHz. 


Noite: 

As is the case of a VFO, this VXO should be 
mounted in a position in the (ransceiver or recei- 
ver where the lowest amount of heating occurs 
In addition to this, it is advisable for the metal 
case of the oscillaior to be surrounded with a 
layer of at least 5 mm of styrine foam 


en 
REFERENCES 


1) K. Schop!, DB 3 TB. 
A VXO-Local Oscillator for 144 MHz 
Transceivers VHF COMMUNICATIONS 14, 
Edition 2982. pages 84-88 


2) B. Neubig. OK 1 AG. 
Design o! Crystal Oscillator Circuits, Part 1 
VHF COMMUNICATIONS 11, Edition 3/1979, 
pages 174-190 


152 


RECEIVER for 136-138 MHz 
(Weather-satellite bana) 


The receiver described by Rudy Teller, 
DC3NT, in 4/1979 and 1/1980 of VHF 
COMMUNICATIONS ts now available in 
the form of ready-lo-operale modules! 


1. RF/IF module DC3NT 003: 

complete wih special crystal filter, 
demodulator and filtering. Also 
includes monitor amplifier and sub- 
carner Oulpul. DM 395.00 


2. Oscillator module DC3NT G04: 
Enclosed in metal case. Includes AFC 
and scanning circuit, as well as a 
35 MHz frequency shift circuit for 
METEOSAT channels 1 and 2. 

DM 168.00 


3. VHF COMM. 4/79+1/80 DM 3.00 


Tel. West Germany 9133-855. For Representatives see cover page 2 
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Extremely Low-Noise Preamplifiers require 
Low-Loss Antenna Cables! 


Wideband Directional Coupler for 
VSWkR-Measurements on Receiver Systems 


The use of GaAs-FET technology has brought 
a considerable increase in receiver sensitivity 
that was thought impossible several years 
ago. Both bipolar transistors and GaAs-FETs 
now offer noise figures of less than 1 dB, and 
the latter even allow noise figures of less than 
0.5 dB to be achieved, This means that system 
temperatures of 50 K = -223°C are now 
possible using this technology, which were 
only possible with cooled parametric ampli- 
fiers in the past. The following article is to 
discuss several special features of ihe GaAs- 
FET preamplifiers without which it is not pos- 
sible to obtain the values given In the data 
sheets. Furthermore, a wideband directional 
coupler is to be described thal allows VSWR- 
measurements to be made on the input cir- 
cuits of receivers and preamplifiers in the fre- 
quency range of 2 to 1400 MHz. 


1. 
GENERAL 


A lypical receive system comprises a receive 
antenna, a short piece of feeder cable between 
antenna and masthead preamplifier, a second, 
longer cable lo the actual receiver The task of 
the antenna ts lo receive as much energy as pos- 
sible This energy should be amplifed withoul 
any deterioration up to the demodulation level; 


Ihis ts Oblained using special low-noise pre- 
amplifiers at RF-level. 


2. 
NOISE 


2.41. Thermal Noise 


Thermal molecule movement causes noise 
which tends to blankel very low receive-signal 
levels The natural limit value is given by the 
noise of the input impedance of Ihe receiver 
which amounts to 290 K at an ambient lempera- 
ture of 17°C, This corresponds to a nose power of 
—174 dBm per Hz of bandwidih. |n the case of a 
conventional bandwidth of 2.4 kHz, this is equal 
to an input noise power of —140 dBm. correspon- 
ding to an input voltage of 22 nV into 50 Q This 
means that no signals of less than 22 nV can be 
received, even when using an ideal noiseless 
receiver thal is connectec using a lossless cable 
1o the antenna, f the dandwidih is nol to be 
decreased. 


2.2. Signal-to-Naise Ratio (Noise Figure NF) 


The noise figure is used to define the quaiily of 
an amplifier. This de‘inition indicates how much 
the signal-to-raise rao at the outpul of the 
amplifier has detenoraled wilh respect to thal at 
the input, 
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The noise tacior F is always > 1 and ts ablained 
according lo the loliowing equation: 
SinfNin 


= ——_ (1 
SoutNout ‘ ; 


The noise figure is given in dB and Is obtained 
from the noise factor with tne aid of logarithms: 


NFus = 10IgF (2) 


An ideal amphlier would have a noise figure of 
F = 1 = NF = 008. and the input signal-to-noise 
ratio would be presen al the outpul withoul 
change A true amplilier with a noise liqure of 
3.d8 will reduce a signal-lo-noise ratio of 10 dB 
coming from the antenna to a value of 10 - 3 = 
7 0B al the output. The target of all amplifier 
developments is to obtain a noise figure thal is 
less than 1 dB, Improvements ‘n the arder of 
0.5d8 can result in considerable system 
improvemenis in ihe case of EME-communi- 
calions where the antenna 1s poinled lowards 
cold space (1). (Lis possible to achieve noise ligu- 
res of O05 dB using the present slale-of-the-an on 
all amateur bands between 145 and 1296 MHz. 


2.3. Cable Noise 


Cables. attenuators. input resonant circuns. and 
all other passive four-poles will cause noise to 
the value of their insertion loss NF = ay (dB). A 
cavily filler having an insertion loss of 01 dB will 
Geleriorate Ihe input noise figure by the same 
value 


2.4. Contribution of the Second Amplifier 
Stage 


The second amplifier slage of cur receiver 
system influences the overall noise figure 
according to equation 3° 


F F = 4 
= + a 
tor 1 ro + bo G, xG, 


(3) 


Jest object 


NF,,Gp 


Noise 
generalor 
ENR, 15 08 
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ll will be seen that the higher the preamplifica- 
tion. Ihe less will be the contribution of the se- 
cond slage to the overall noise figure Fi, 


2.5. Measuring the Nolse Figure 


The most favorable alignment of preamphiiers 
with a continuous noise figure measurement is 
possible wilh equipment operating according to 
the PANFi-principle (Precision Automatic Noise 
Figure Indicator) by which the Y-factor of the 
amplifier is recalculated into noise figure and 1s 
continuously indicated (2) The measuring sy- 
stem for determining the noise figure with the aid 
of the Y-factor is shown in Figure 1. 


Accarding 10 equation 4 the following results: 
NFog = ENRga - 10Ig(¥ ~ 1) (4) 


where 
P2 ay 
Y = P, = 10 oO: 


The value a, should be measured with an 
accuracy of +005 dB. 


ENR = Excess Noise Ratio = Noise power of the 
noise generator in GB. Y-lactor: Ratio of the oul- 
pul noise power of the amplifier with the noise 
generator switched on and off. 


{fan additional atlenuation of, lor instance, a, = 
14 dB musi be inserted after switching. in order lo 
obiain the same meter-reading with a noise ge- 
nerator having an ENR of 15 48, the following will 
resull from equation 4. 


NF = 15 - 101g(10"4 ~ 1) = 4.17dB. 


An a,-value of 14.5 dB, on the other hand, would 
resull in an NF-value of O65 GB. It will be seen 
from equation 4 thal any inaccuracy of the ENR- 
calidration of the noise source will have an imme- 
diate effect on the lest result. A further difficulty 
in the case of absolule measurements is that 


“2 


z 

Calibratea 

attenuator 
an iF 


Fig. 1: 

Determining the Noise 
Figure NF from the 
Y-factor 
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only very good calibration attenuators allow a 
reproducible accuracy of better than 0.1 dB, 
which is especially required when low noise 
figures are to be measured. 


3. 
CHARACTERISTICS OF ANTENNA 
CABLES 


All cables between the antenna and Ihe pream- 
plifier possess an insertion loss thal will deterio- 
rale the system noise figure by al least Ihe value 
of its insertion loss. This is not only a function of 
the cable length, bults also dependent on the im- 
pedance (Z,,, = 75 Q far CATV), and the termi- 
naling resistance. The insertion loss ts a mini- 


mum when the impedance of the antenna cor- 
responds to Ihe impedance Z, of ihe cable. and 
this to the input impedance Z,, of the pre- 
amplifier 


If ihere is a difference belween Z, and Ziq, Slan- 
ding waves will be generated in the cable thal 
cause (I? x R)-losses al the pomls of maximum 
current, and lead to greater dielectric losses at 
the points of maximum vollage, Cables having 
gas or PTFE insulation using [bick, polished con- 
ductors will have the lowest losses. Figure 2 
shows a diagram in which the loss ol the mos! 
common Cables |s given for alength of 100 masa 
function of frequency The different slope of the 
lines shows the different distribution belween 
copper and dielectric losses, 


Fig, 2: 


Atlenuatian a, of 


various coaxial 
cables, as well 
as a 300 2 twin 
line shown as a 
function of fre- 
quency fara 

cable length of 


(OD (5 Mnz 


100 m 
165 


Fig.3 
Relationship between return loss 
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Transmission loss Refi lactor 


Ret power 


a,, VSWA, and reflection 


factore 


In the ideal, matched case, the lollowing will 
resull, for instance, with two metres of RG-213 ca- 
ble having ay = 0.32 dB al 435 MHz in front of a 
preamplifier with a NF of 1 d6 and an inpul impe- 
dance of S50 2 and a VSWA of 1.0° Overall noise 
figure NF, = 1.0 + 0.32 = 132 dB. 


4. 
CHARACTERISTICS OF PREAMPLIFIERS 


Both in the case of preamplifiers equipped with 
bipolar transistors and (hose equipped with 
FETs, there 1s a physically-dependent difference 
between their inpul impedance and the genera- 
lor impedance required for obtaining a minimum 
noise figure. This is the well-known difference 
between power and noise matching. It was 
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possible in (3) to obtain an approximation of both 
values, however, it was necessary to reduce ihe 
gain per slage to approximately 10 dB, which 
resulted in the contribution of the second stage 
to amount to one ninth of the total value (see 
equation 3) 


Several preamplifiers were examined with the aid 
of a directional coupler bridge with respect to 
their input maiching The following relationshia 
exisis between VSWR and return loss a, 
according lo equauon 5: 


14 J0-005 a, 
1- 100053 ~ 


VSWR = —, 
1=@ 
e = rellection factor 


This can be determined graphically using 
Figure 3. 
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Bipolar amplifiers with feedback. exhibited 
values in the order of a, = 12dB = VSWR = 1.67 
with a NF of 1.2 dB, whereas GaAs-FET amphi 
fiers with a NF of 06 dB exhibited a-values of 
only 2dB = VSWR = 8.72. In ihe case of special 
wideband lypes VSWR-values of between 17 and 
several hundred were exhibited. Especially low- 
naise circuits with naise figures of less than 
0560B exhibited. sometmes, negative input 
impedances 


It was found in many measurements of the cadle 
losses in a measuring sysiem comprising noise 
generalor — cable to be measured — preampli- 
ter — PANFI that the determined values differed 
greatly from the theoretical values (NFiq = 
NF prea + A) This »s caused by the fact that resi- 
dual reaciive components of ihe generator impe- 
dance and the resulling impedance transforma- 
lion in the cable can falsily the noise matching of 
ihe amplifier These values will difler even more, 
the higher the input VSWR of the preamplifier, 
and the longer the interconnection cable. 


J. 
EXAMPLES 


A few examples are now to be given to show the 
effect of altenuation on the sysiem noise figure. 


5.1.1. Preamplifier equipped 
with bipolar transistor: 


NF = 1.208, a, = 12 dB, VSWR = 167 When 
using a 10 m length of AG-213 cable al 435 MHz. 
the follawing will result from Figure 2. 

ao = 16dB: 

NF oy 3216+12= 28dB 


5.1.2. Same amplifier located close 
fo the antenna. 


2MRG-213., ay = 0.92 dB, 
NFigq = 1.2 + 0.32 = 15208 


NOTE: 
Low-Noise Preamplifiers should always be 
mounted in the vicinity of the antennal 


5.2.1. Preamplifier with GaAs-FET: 


NF = 06d0B 

10 MRG-213 a, = 16d8 

NFiop = 0.6 + 16 = 22 0B: whal a wasie of a 
GaAs-FET! 


5.2.2. Same amplifier mounted in the 
vicinity of the antenna: 


2mRG-213. a, = 032dB 

NF. = 06 + 032 = 092dB 

§.3. Low-Loss Antenna Cable 

3/8"-Flexwell cable with inner dia. = 4.2 mm, 
ouler dia. = 16 mm: 0.13 dB/2 m ai 435 MHz 
5.3.1. Bipolar Amplifier 

NF = 12d8 and VSWR = 167 

NF, = 1.2 + 0.13 = 1330B 

5.3.2. GaAs-FET 


NF = 0.606 and VSWR = 872 
NFiop = 0.6 + 013 = 07308 


6. 

IMPROVING THE NOISE FIGURE BY 
USING EXTREMELY LOW-LOSS FEEDER 
CABLE 


Twin-line “OL” is constructed from 25 mm dia. 
enamelled copper wire with PTFE-spacers ata 
spacing of 4/2, wire spacing 12.5 mm, 2, = 
298 Q, Velocity Factor VF = 0.95. 


Alienuation at 435 MHz: 3.3 dB/100 m. 
2 dB/100 m ai 145 MHz. 
6.1. Bipolar Amplifler with 2 m Twin Line 


a) = 007 d8 
NFigp = 12 + 007 = 1.2708 
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6.2. GaAs-FET Preamplifier 
with 2 m Twin Line 


ap = 007 0B 
NF,o, = 06 + 0.07 = 0.67 dB, which corresponds 
lo a very low NF deterioration! 


RESULT: 

The high-impedance. low-lass twin line is very 
suited lo the high-impedance input of the GaAs- 
FET preamplifier! 

NF = 06 dB = 43 K noise temperature, NF = 
0.676 = 49K 


NOTE: 

In order to keep the effects of differing cable 
Jength in the system noise figure as low as pos- 
sible, the intermediate cable should be as snort 
and as low-loss as possible An exact solution is 
only possible by aligning the preamptifier in con- 
junction with the antenna and interconnecting 
cable by injecting a keyed noise power, using a 
second antenna, into the receive system and 
aligning it for minimum noise figure on the 
PANFI. 


Since this is very extensive, and is usually not 
possible al most amateurs’ locations. it can 
usually only be carned out in the “laboratory”: 
The generator impedance which the antenna 
offers to ihe preamplifier at the end of the feeder 
cable musi be measured and the amount and 
phase musl be simulated with the aid of a stub- 
tuner belween norse generator and preamplifier 
during the alignment for minimum noise figure. 


A minimum noise figure alignment made in the 
laboralory in conjunction wilh a noise generator 
impedance of 500 © +05Q = a, 5 40dBis only 
reproducible in practice if the antenna exhibits 
ine same impedance! 

Amaleur antennas, on the other hand, some- 
times have a, values between 10 and 20 dB. 
which means that the resulls remain somewhal 
uncertain. 
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7. 

MEASUREMENT OF THE INPUT 
MATCHING WITH THE AIDOF A 
DIRECTIONAL COUPLER BRIDGE 


Since preamplifier and receiver input circuits are 
usually overloaded when using a power of 0dBm 
= { MW. il is not possible to use conventional 
VSWR-meiers due lo their insensitivily, 


With the aid of the measuring system shown in 
Figure 4. it is possible for the a,-value to be de- 
termined reliably at levels of less than —40 dBm 
A generator feeds a level of approx. -40 dBm at 
tne required measuring frequency to the bridge 
circuit. The power present at the input of the test 
object corresponds Io the injected power minus 
6 dB. A 50 © lerminaling resistor with the best 
possible matching is connected lo Ihe reference 
port to which the lest object is compared. The 
receiver is now connected via a calibrated 
allenualor wiln the oulpul of the bridge After dis- 
connecling the lest object, the receiver is adjust- 
ad to a cenain S-meter reading corresponding to 


-4O.dBm = 2mV 
ie Alama 
t 


t---- 


Test object 


pelismsae hn maim 


Fig. 4: 
Measuring system for determining the return 
loss of preamplifiers 
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approximately 60 dB with the aid of the cahbrated 
atienuator If an identical terminating ressstor 1s 
now connected to Ihe lest object port, the reduc- 
lion of the S-meler reading corresponds to the 
directional response of the brdge This should 
be grealer than 30 d8. if possible. when low 
VSWR-values are lo be measured. After connec- 
bng the test object. Ihe reduction of the S-meter 
reading is directly proportional to the a,-value in 
dB, if the S-meter is also calibrated in dB. With 
the aid of (he calibrated attenuator, a substitution 
measurement can be carried out by measuring 
this allenuation and reading it off on the 
attenuator. 


It is lhen possible with the aid of equation 5 or 
Figuse 3 fo determine the VSWR. In order to be 
able to establish the overall system noise figure 
when using differing preamplifiers and cables, it 
(s necessary for Ihe input reflection values to be 
obtained from the manufacturer of the preampli- 
fiers. A detailed description of further measure- 
ments that can be carried out with the aid of ihe 
bridge are to be found in (4) 


8. 
CONSTRUCTION 


The directional coupler bridge can be accommo- 
dated on the doubdle-coated PC-board DJ7VY 
006 and enclosed, as shown in Figure S$. ina 
metal box having the dimensions 35 mm x 
110 mm. The main difficulty of this design is lo be 
seen in ihe consirucihion of the extremely wide- 
band balun Iransformer which is similar to a 
description published by HP in (5) 


The case is firstly provided with the four connec- 
tors, afler their Center conduciors nave been 
shortened down to approximately 2 mm. After 
cutting the board al the dashed line, cut-outs 
Should be provided on ihe PC-board to {ul the pro- 
truding parts of the connectors and for the resi- 
stors Caution snould be paid that not 100 Much 
material is removed! The PC-board should [il in 
as well as possible into the 10p and bottom of the 
case! 


~——— 40- 


Fig. 5: 

The doudle-coated directional coupler board 
OJ7VY 006 is made from 1.5 mm thick epoxy 
glassfibre material G 10 


Fig. 6: 
Partial PC-board OJ 7 VY OO6b must be rotated 
by 180° and soldered into place 
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The two parts of the board are now soldered into 
place as shown in Figure 6 by firstly soldering 
the stripline connections alter which ihe ground 
surface is soldered The four 1% resistors thal 
form the inpul resistors are now soldered inio 
place at Ihe location of the cutaul, and an appro- 
ximately 90 mm length of SM 50 PTFE cable is 
soldered to Ihe oulpul stripline. Place as many 
ferrite beads onto the cable unlil approximately 
7 mm spacing remains lo the balanced center 
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point. The inner conductor of the cable is con- 
nected lo the reference stripline, and the outer 
conducior is connecied to ihe measuring pon 
stripline, A copper wire of 0.8 mm diameier is also 
Provided with ferrite beads and is soldered into 
Place belween ground and Ihe reference line. 
The lerrite beads should be glued as shown in 
the protolype. using a normal adhesive so that 
the last 7 mm remain free. Important: The balun 
should run as horizontal as possible to the 


Fig, 7: 

Photograph af the 
author's prototype, 
seen as Fig. 6 


Fig. 8; 

Photograph of the 
author's prototype 
from the other side 
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balanced point of the bridge! This 1s shown more 
clearly than in the text in the pholographs of the 
author's prototype Figures 7 and 8 show that 
two pieces of 51 © resrsiors have been installed 
instead of the four pieces of 100 


With a clean, balanced construction. the direcli- 
vity of the bridge will be greater than 30 dB! The 
values o! the author's prototype are given in 
Figure 9. |t is possible to construct one’s own 
terminating resistors instead of the very expen- 
sive precision terminating resistors described 
(see Figure 10) Two 1%-resistors af 100 2, each, 
can be soldered onto a flange connector alter 
filing down the cenier pin to ihe same height as 
the outer collar, These terminating resistors exhi- 
biled a return loss in the order of 30 dB even at 
1296 MHz. This ts greatly suilable for amateur 
measurements, since the lest objects lo be mea- 
sured will never be betier than 12 = a, = 200B 


Since the price of such home-made lerminating 
resistors 1s low, it is recommended that identical 
60 © (2 x 120 QN%) and also 75 2 (2 x 
150 02/1%) lypes are constructed so that! is pos- 
sidle 1o measure VSWR-values al other impe- 


dances. 


CAUTION: 

The input coupling resistors will nol handle more 
than 0.1 W. In the case of the author's prototype. 
ihe lowest directivily values amount (o' 

2 MHz -22 dB, 4 MHz, -30 dB, 10 MHz: 
-36 dB, 1400 MHz: ~36 dB. The lower cutofl fre- 
quency of the bridge can be reduced down Io 
below 1 MHz by using a longer case and thus a 
tonger balun 


9. 
COMPONENTS 


1 melal case 

2 BNC flange conneclors 

2N flange connectors 

2N flange connectors for terminating resistors 

1 PC-board DJ7VY 006 

8 resistors 100 Q/1% 

28 lerrite beads 

approx. 20 cm 50 Q leflon cable SM50 or semt- 
rigid copper cable 


Fig. 9: 
Directivily of the 
directional coupler bridge 
constructed as Fig. 6 with 
(wo precision termina- 
tions manufactured 
by HP. Measured between 
Oand 1 GHz 
(H: 100 MHz/T: 
V: 10 dB/T) 
2 MHz: -22dB 
4 MHz: -30dB 
10 MHz: -36d8 
1400 MHz: -36d8 
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Fig. 10: 


Photograph of a home-made termination using 
an N-flange connectors and two 400 Li resistors 
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Gunther Borchert, DF 5 FC 


A 2 m/70 cm SSB Transmitter with 
High Spurious Rejection 


Part I 


Recently, various publications have been 
brought giving circuit descriptions for high- 
quality receiver input circuits, [F-ampliflers, 
and oscillators. This means thal recelve tech- 
nolagy is now at a very high level. This article 
is to give a recommendation for a combined 
transmit system for 2 m and 70 cm, which is 
based on an intermediate frequency of 9 MHz. 
However, other Intermediate frequencies are 
possible. It is only necessary to modify the 
frequency olan. 


Ouring conception of the individual modules, 
special attention has been paid that they are 
modular and that they can be used for other 
applications. It may seem that the modular 
construction is rather complex, however, it 
will increase reproducibility and simplify 
alignment. 


1: 
CONCEPT 


The development target was fo oblain a 2 m and 
70 cm transmit signal from an SSB IF-signa) at 


9 MHz wilh the aid of the lowest number of mixer 
Stages and individual frequencies. The conside- 
rations thal led to this concept can best be seen 
with the aid of a frequency scale: 


As can be seen in Figure 1, the mixing of 
135 MHz and 9 MHz will nol only generate the re- 
quired 144 MHz. but will also generate Ihe image 
frequency of 126 MHz This shows thal the 2 m 
signal can be generaled easily if the 126 MHz 
signal is suppressed. 


A Jew problems exist in ihe case of Ihe 70cm A 
direct conversion from 9 MHz ts not possible 
since the required bandwidih should cover the 
whole amateur band of 10 MHz. which means 
ihat the local oscillator would fall in the required 
range al the band limits. A further processing of 
the 2 m signal is very unfavorable, since Ihe thud 
harmonic will also fall in the required range. The 
generation of this harmonic 1s inavoidable since 
a conversion can only occur in conjunction with 
non-linearities. and these will also generate har- 
monies 


A solution can oe@ found here in several ways 
One can, for instance. firstly convert the 2 m 


70 cm Band 


ve iT 200 
SMHr 127 Me! | 165 MHz 
SSB- iF fs -f is & fie 
135 MHz 
OFSFC ¥fo 


ol 400 | 500 
mm _ Os Otte] 
| | 435MHz 
304 MHz 378MHz &31MHz 3rd harmonic of 
2nd LO for Dem = 3rd harmonrc the 2m signal 
operation of 126 MHz Is No longer present 
in the Spectrum 


Fig. 1, Individual frequencies appearing in the frequency plan 


163 


165/ 127-MAz 
Mixer 


2-m- fitter 
and amplifier 


VFO OF SFC 00! DF SFC 002 


DF SFC 


2nd local 


oscillator 


DF SFC 003/004 


signal to a further frequency, after which 111s con- 
verted luriher This, on the other hand resulls in 
further conversion praducts (and corresponding- 
ly more lines on the frequency axrs shown in 
Figure 3). 


These frequencies can now form further unwant- 
ed conversion products and harmonics in con- 
junction with further non-linearities Tne neces- 
sary amount of [ilering can then become exces- 
sive, Since these unwanted products can be adja- 
cent to the required frequency, which means Inat 
the filters must be very steep, 


As previously mentioned, the output signal of a 
mixer contains not only Ihe sum signal fose + fin, 
Dul also the dilference signal fos, — fin. The re- 
sulting image frequency of 126 to 128 MHz can 
be used successfully for a further processing to 
the 70cm band. The third harmonic of this signal 
is nearly 50 MHz fram the required 70 cm band 
(see Figure 1) and can be suppressed easily A 
similar concep! has already been described by 
DL8ZX in (1). 


A disadvantage of this method ts that an inver- 
sion of the modulation sideband of ihe SSB 
signal takes place during the dillerence conver- 
ston. This means that an USB-signal will become 
LSB and vice versa. This disadvaniage is not so 
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Fig. 2: 
Block diagram of the 
concept 


important as the increase of Ihe spunous signal 
rejection. It can be avercame by organizing a cor- 
responding connection al the sideband crystals 
together with the amateur band seleciion A fre- 
quency concept resulted trom Inese considera- 
tions Ihal can be best descnibed with the aid ola 
block diagram. 


As can be seen in Figure 2, Ihe VFO-signal is 
mixed with the 8 MHz SSB signal in the lirst 
mixer, which resulis in frequencies of 145 MHz 
and 126 MHz. The 2 m signal is now carefully fil- 
tered and amplified so thal an oulpul power of 
approximately SO mW is available aller the selec- 
tive amplifier for further processing 


The 126 lo 128 MHz signal is fed to a second 
mixer where it 1s mixed with 304 - 312 MHz to 
form the required (requency of 430 to 440 MHz 
Approximately 50 mW js also available at the oul- 
put of the mixer module. 


The second local oscillator (requency 1s general- 
ed in a $-stage crystal oscillator and muiplied. 
The oscillator and the frequency multiplier are 
constructed in a complex manner, since the 
signals are also to be used for receive applica- 
lions 
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2. 
TECHNOLOGY 


ZA. 
SELECTION OF THE MIXER 


Schottky diode ring mixers are used in both 
mixer stages. since they are balanced and thus 
suppress doth input frequencies The use of a 
high-level mixer, type SRA-1H., is not absolutely 
necessary, however, the less expensive IE-500 or 
SRA-1 have a considerably poorer intermodula- 
tion behaviour. 


The typical intermodulation behaviour of diode 
ring mixers can be seen in [he dala sheets. Ils 
shown that an intermodulation rejection IM3 of 
60 dB results at an RF-level of 2 x -10dBm = 
2 x 01 mW. in the case of the SRA-1H, or appro- 
ximately 45 dB at an RF-level of 2 x 0 dBm = 
2 x 1mW. Incompanison lo this, only an inlermo- 
dulalon rejection of approximalely 20 dB (!!) 1s 
oblained from the SRA-1 at 2 x 0 dBm RF-level: 
the SRA-1 1s very similar to the IE-500 with 
respect to its construction and level values. A 
reduction of the RF-level to 2 x -10d8m impro- 
ves the rejection to 45 dB These measured 
values show that the SRA-1H does nol react as 
crilically to overload as the less expensive 
mixers. This is only valid win the oscillator 
powers given in ihe data sheets: 


SRA-IH + 17dBm = 50 mW: 
SRA1t + 7dBm = 5 mw 


Furihermore, it is necessary for all ports of the 
mixers to be terminated with 50 Q, olherwise 
different values wil) result. Thos SO Q matching 
must be given for all possible frequencies in 
order to obtain a good intermodulation be- 
haviour, which was discussed in detail by 
OJ 7 VY in several articles (2. 3) Since the indivi- 
dual frequencies appear discretely in the case of 
a transmutter, (face. fins @1C.), ANd NOL as a vinually 
continuous spectrum as given in the case of a 
receive mixer. il is Nol necessary to provide wide- 
band matching, and this 1s specially valid when 
the oscillators possess a low-norse. narrow-band 
spectrum. 


2.2. 
SUITABLE FILTERS 


Helicial filters were used exclusively to obtain the 
main selectivity in this design, They were select- 
ed because [hey can be calculated very easily 
and are reproducible during construction The 
expense may seem high. bul the results are ex- 
cellent. The most imporiant calculation funda- 
mentals for helical filters are to be mentioned 
briefly. 


Helical filters are bandpass fillers. The band- 
width and slope of such [ilters is nol only depen- 
dent on the coupling between (he two circuils bul 
also on the Q of the individuat circuits Normal in- 
ductances have non-load Qs ol up to approxima- 
\ely 200, and this is reduced considerably on 
load. A high Q is required for tigh selectivity. {n 
the frequency range ol inlerest, any coaxial sy- 
slems can be used. however. a normal 2/4 length 
would be too long. For this reason, one combines 
inductance and resonator by replacing the inner 
conductor of Ihe coaxial circuit wilh a helical in- 
ductance It is possible in this manner, to obtain 
non-load Q-values of more than 1000 These cir- 
Cuits Can either be tuned with the aid of a capaci- 
tor which 1s buill into the chamber. or by a metal 
plate which will be brought inte the vicinity of the 
hot end of the col. Due to the field disinbubion, 
ihiS acls as @ Capacitor. 


2 


— = ; 


sj 


Fig. 3: 
Construction of an individual helical circuit 
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In our case, the cifcuits were luned with Ccapaci- 
lors, and Ihese were special spindle trimmers tn 
order to oblain a higher reproducibility. The 
spindle lVimmers are nol Maunted on the front of 
the chamber, bul in one of Ihe side surfaces, 
which results in mechanical simplifications. The 
elfect of this capacitor is taken into consideration 
during the design of Ihe filter by deleting several 
lurns from the calculated number (1his must be 
determined experimentally in the case of home- 
made fillers) Actually, such a filler should have a 
round case. however, square types are simpler 
and do not have any disadvantages. Figure 3 
shows a drawing af such a single-filler chamber 


The foll lid S wan 
he following ts vali ee 
sd iy 24 yf 


resonanl frequency in MHz 


fl] 


(5 
Q = Qo the inductance 
H =16S 
4000 
The number of turns 1s found as N = ———— 
(, x Siem 


The length of the induclance should amount to S. 
the coil diameler d = 0.66 S, and the wire dia- 
meter D = S/2N. This results in the following for 
such an inductance’ 


25 = 2x 105 
[oxS 


In the case of 145 MHz as center frequency, one 
will obtain the design shown in Figure 4 with the 
following specifications 


H = 36mm 
S = 20mm 
d = 13mm 
D= 1mm 
N = 6lurns 


lt should be taken into consideration that the 
Jength of the resonator and the spacing [rom the 
case are given 


The ather bandpass fillers are combined from 
these resonators: neighbouring inductances 
should have an opposile direction of lurns The 
spacing between the inductances amounts to S 
In the case of the 2 MHz filter. Ihe coupling is 
made capacitively with the aid of a coupling wire 
which protrudes (rom one chamber inlo the other. 
In the case of Ihe filler with a bandwidth of 10 
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either 

Cap. coupling al 
the hot end using 

a wire or metal strip 


ar 

Inductive coupling 
at the cold end with 
the aid of ash 
Cover the unused 
cutout! 


= 


Fig. 4: 
A two-stage helical filter with two types of coupling 


MHz for the second local oscillator, and in the 70 
em stages. the filters are coupled by radiation. 
This allows a higher bandwidth. For this reason. 
only 2-slage fillers are used for ihe 10 MHz band- 
width filters. Three-stage fillers can only be 
tuned with considerable effon. 


An example for the selectivity characteristics of 
these filters can be seen in the case of the 2m 
mixer. A total of two three-siage fliers are used 
here Aher a careful alignment to obtain a flat 
passband cure. one will obtain a slopband atte- 
Nuation in the order of 70 dB. 8 MHz [rorn the re- 
quired band. 


2.3. 
AMPLIFIERS 


Eilher FETs in a comman-gate circuit or ampbhi- 
fiers such as described by DJ7VY in (4) are used 
in all modules. Both types have been found lo 
work withoul problems and only show a very low 
tendency to instability 


In the case of the FETs, i) has been found that 
types P 8000, P 8002, and 2 N 4856 A are equally 
sunable, however, the first two lypes are more 
favorable for power applications since they can 
be cooled more easily. 
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+f aa Mite 
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tt 2-20. (pr 10s 
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PID O+S DeMHe 


Fig. $; Circull diagram of the mixer fram 9 MHz and 135 MRz lo 144 MHz or 126 MHz, respectively, for 70 cm 


transmitters 


3. 
CIRCUIT DESCRIPTION 


3.1. 
MIXER 145/126 MHz 


The firs! mixer stage, which is shown in Figure 5, 
is wideband al the tnputs This means, il 1s 
simple to change it to other frequency plans. The 
allenualors are 10 match the input level to that re- 
quired by the mixer and to dampen the ripple of 
the 50.Q matchyng Allenuation values are select- 
ed so that an oscillator power of + 17 dBm (+ 7 
dBm) results and an IF-power of ~10 dBm (value 
in parantesis for IE-500 or SRA-1) 


C201 C202 £203 
Tubular trimmer 0.5-6pF 


T 201 


2N4856A 


The output of the mixer musi now be lerminaled 
with approximately 50 Q for all lrequencies pre- 
sent, 19 arder to abtain the required iniermocdula- 
lion rejection, furthermare, the (wo frequencies 
must have equal priority for the output coupling. 


The maiching is made with the aid of FET-stages 
ina common-gale circuil. In order to couple oul 
two lrequencies in parallel, the mixer is followed 
by two FETs with a drann circuit, each, for the re- 
quired output frequency The current is set wilh 
Ihe aid of a common source resistor so thal the 
muxer is provided with approximalely 50 Q. If the 
two FETs have approximately the same characte- 
rislics, the current will be divided approximately 
equally belween them A matching measure- 


Pt203 / SMC 


144MHzZ aut 
‘L205 | 20-SOmWw 


L202 L203 


L201 Ry 


BP arc 
002 


With cooling fins! 


Screw to intermediate panel | 
Align Rx to Ip = 30mA 
Align Ry to Ip =40 mA 


Fig. 6: Selective mixer-amplifier for 144 MHz with a maximum output of + 23 dBm 
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ment carned oul wih a nelwork analyzer fram 
HP showed thal the resistor value of the input im- 
pedance of Ihe FET-circuil varied between 40 Q 
and 60 Q, although the currents were not opti- 
mized. and the FETs were not selected. For both 
resonant frequencies, the reflection factor of the 
stage was in the order of 0.1, which meant that the 
impedance values were considered to be per- 
missible, and no surther matching was made. 


The oulput coupling stages are followed by heli- 
Cal filters, which are usec for the main selectivity, 
a ihree-stage filter 1s used for 2 m, and a Iwo- 
slage filter for 126 MHz They are calculated ac- 
cording lo the already described criteria. The 
subsequent FET-ampliliers are constructed as 
usual. 


3.2. 
ACTIVE FILTER FOR2m 


The selectivity of a three-stage filter for 144-146 
MHz was not found fo be satisfactory in our mea- 
surements, For this reason, a fumher module 


(DFSFC 002, Figure 6) and identically construct- 
ed filler with two further FET-amptifier was pro- 
vided By correct selection of the most favorable 
output coupling of the induciances in the drain 
circull of the stages (musi be made experimen- 
tally), 111s possible lo obtain an overall gain of the 
module of approximately 20 dB. If lhe operating 
voliage |s increased to 24 V, it is possible to ob- 
ain an Outpul power of more than 100 mW Alter 
changing the filter circuits, it is possible for this 
module to also be used as a local oscillator am- 
plifier up to an output level of + 23 dBm. 


3.3. 
SECOND LOCAL OSCILLATOR 


A lurther local oscillator signal is required for the 
(urther processing of the 126 lo 128 MHz signal 
In order to cover Ihe full required 10 MHz band- 
width in the 70 cm band with a tuning range of 
2 MHz, itis necessary for the oscillator to provide 
a total of five frequencies in the range of 304 to 
312 MHz (similar to Inat descriped by DJ3VY in 
(5)). 


76 -78MHz 


36-39MHz 
OF SFC 
003 


Fig. 7: Crystal oscillator/doubler/filter for the second local oscillator. 
The following values are valid for the 76 MHz crystals: C 302.12 pF; C 303: 6.8 pF, C 304: 82 pF: L 301 and 


L302 see section 4 5. 
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Fig. & Circuit diagram of (he frequency multiplier for the second local oscilator 


In the author's prototype, the fundamental tre- 
quency chosen was 38-39 MHz, however, a fre- 
quency range ol 76-78 MHz would be more favor- 
able, since the frequency mublliplicalion factor 
would be lower. DJ3VY'’s PC-board can be used 
for this oscillator if some of the camponent va- 
lues are changed, or, as an alternative. the oscil- 
lator module OFSFC 003 shown in Figure 7 that 
operales with crystals either in the range de- 
tween 38 and 39 MHz, or between 76 and 
78 MHz In the first case. a (requency doubler 
equipped with Schottky diodes ts provided on the 
PC-board, which can be bridged if it is nol requir- 
ed. 


The other two doublers are found on the second 
board DFSFC 004, as can be seen in Figure 8, 
they are similar to those published by DJ3VY and 
DJ7VY. and the information given in these arlic- 
les is also valid The bandpass filler at 152 MHz 
was necessary in order lo suppress Ine subhar- 
monics sufficiently. 


The helical filters are calculated according to the 
previously mentioned crileria, bul are provided 
for radialian coupting in order lo obtain the re- 
quired 10 MHz bandwidth withoul complicated 
alignment processes. Two filters have been pro- 
vided on order lo oblain a sufficient spurious 
rejection despile of the two-stage filter, The 
amplifier between hese is a ‘“Slandard™ circuit 
as designed by DJ7VY. and the instructions 
given in his arlicle (4) are valid The oulpul stage 
comprises two FET amplifiers that allow a low- 
reaclive. simullaneous decoupling of the ascilla- 
lor frequencies. for instance, for lransmiller and 
receiver. 


A maximum of + 17 dBm can be coupled oul at 
an operating vollage of 24 V when using P 8000 
or P8002 with a drain current of 40 to S0 mA. This 
is sufficient for driving high-level mixers. When 
used exclusively in the transmit mode, Ihe two 
amplifier slages can be deteted from the board 
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304 -372 MHz 
in 


ge 
afl 


26 - 2BMHz 
FSO? i - 


Tso, BFRILA 


OF 5FC 
008 


Fig. 9: 
Circult diagram of the 
70 cm mixes OF SFC 005 


Measurements made on the Irequency multiplier 
have shown a virtually spurious-Iree signal: only 
a slight component of 152 MHz could be measur- 
ed at 75 dB down on the output signal. 


3.4. 
70 cm MIXER 


The same is valid for ihe matching of the mixer of 
module DF5FC 005 (Figure 3) as was valid for 
the first mixer The ailenuators are once again 
used for power matching and lo reduce the rip- 
ple The three-stage filter on the 126 MHz side is 
to remove all Iraces of the critical 145 MHz signal, 
and |t will also keep any harmonics of the ampli- 
fer away from the mixer For this reason, a band- 
pass filter is provided subsequent to the oscilla- 
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tor amplifier (T 501). This subsequent amplifier is 
necessary il the oscillator signal is present witha 
Jevel of approximately 7 lo 8 dBm If a power level 
of + 17 dBm is already available, this amplifier 
can be deleted and Ihe signal is sent directly to 
the fowpass filer. 


The matching of the mixer to the subsequent 
amplifier is made with the aid ol a Pi-filler. This, in 
turn. is followed by the 432 MHz two-stage helical 
filler which is the only selecuvily provided for the 
oulpul frequency. It is radialion-coupled in a 
similar manner to the oscillator filters in order to 
obtain the required bandwidth of 10 MHz. Appro- 
ximately + 17 dBm are available at the output of 
the module, and the author's prototype even pro- 
vided + 20dBm. When only one filter was used, 
the spuriaus waves could be reduced lo - 60 dB. 
This high spurious rejection with only one filter is 
the result of the large spacing between the fre- 
quencies used. 
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Hans Joachim Senckel, DF 5 QZ 


A 13 cm Fully Transistorized Transverter 


All previously described and published 13 cm 
\ransmitiers operated exclusively with high 
local oscillator powers. Power mixers, such as 
with a diode BXY 28 (1), or with a tube 2C39 (2) 
require local oscillator powers In the order of 
1.5 to 2.5 W. In order to achieve such power 
levels, several varactors, as well as a power 
amplifier in the range of 350 to 500 MHz are 
used. The mechanical but also the financial 
expense are very considerable. For this 
reason, a transmitter was designed that could 
be manufactured at low cost and with low 
mechanical needs. 


Linear 
amplifier 


DFSOZ 003 


BLOCK DIAGRAM 


As can be seen in Figure 1, Ihe iransverler com- 
pnses fve modules, the imerdigital mixer and 
the IF-preamplifier are also given. 


The local oscillator module (DF&QZ 001) provi- 
Ges an extremely low spurious signal to ihe 
transmit mixer (002) The asciilator signal for the 
receive converler is taken al this point via a 
further BNC-connector The receiver comprises 
an onterdigital mixer with IF-preamplilier as 
described in (3). 


Power 
amplifier 


OF 502 005 


Fig. 1: Block diagram of the transistorized 13 cm 
tansverter with receive converter 


171 


DF5 QZ 
001 


90.667 MHz 


Fig. 2. Lacal oscillator module DF5QZ 001 


The lransmit mixer is ina push-pull circuil, which 
converts up the oscillator signal and the 144 MHz 
drive signal lo Ihe required trequency range of 
2320-2322 MHz. iwo linear amplifier stages are 
provided to amplify the required signal by 10 dB 
before feeding it 10 the third stage. 


DF5QZ 003 1s equipped with a further two-stage 
linear amplifier, which supplies sufliciem power 
for driving the dnver module (004). This module 
is followed by a low-power amplifier (005). that 
provides an outpul power of { to 1.2 W. 


1. 
LOCAL OSCILLATOR MODULE 


The crystal oscillator of this module (Figure 2) 
oscillates al 90.666 MHz. This is multiplied by 
twelve to provide 1088 MHz (the frequencies 
Given in the circuil diagram are rounded down). 
This is followed by a printed 3-stage filler, which 
ensures a clean spectrum. The following tre- 
Quency doubler silage is driven via the series 
resonant Circuit comprising L 9 and generates 
the required local oscillator {frequency of 
2176 MHz The frequency doubler transistor T 5 
operates into a 7/2 air-spaced stripline circuil 
(L 10). In order to obtain very high efficiency and 
good setectivily, a printed inductance was not 
used here. 
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21715 MHz 


: Het Hy ca 


The output signal for Ine transmu mixer was 
fapped off at the 50 Q point of the circunl, where- 
as the coupling for the receive mixer (RX) 1s 
achieved via a coupling {ink in the direct vicinily 
of the output circuit 


This local oscillaior can also be used lor the 
23cm band by replacing the crystal wih a 
96.000 MHz type and leaving out Ihe last stage 
comprising T 5 The oulput frequency of 
1152 MHz is tapped off al the 50 2 point of L 8 
(which is usually soldered to L 9). The 3-stage fit- 
ler comprising L6 — L 8is highly selective, which 
means thal one |s able to obtain a very clean lo- 
cal oseillator signal for 1296 MHz equipment ha- 
ving an IF of 144 MHz. 


1.1. Components 


(1 Coil set Dlue/brown 

Bie: 2 turns of 1 mm dia. silver-plaled 
copper wire wound on a6 mm 
former, self-supporting 

Lae asl2 

L4-L8: printed on DF5QZ 001 

L9: Bent wire, link, made from 1 mm dia. 
silver-plated copper wire, bent 
around a6 mm former, 10 mm high 

L 10: Brass-plate strip, 6 mm wide, 35 mm 
total length, each end bent down by 
4mm 
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C,, Cp. Cc: Chip capacitors, approx. 1 nF; 
press into slols on the board! 
Trmmers: 2 — 12 pF: plastic foil trimmer, 
yellow (Philips) 
0.5-— 6pF: plasuc foil trimmer, 
grey (Philips) 
03- 3pF: ceramic spindle trimmer 
(Philips) 


Fig. 3: 
PC-board OF5QZ 001 showing 
component locations 


RFC 1-RFC 5. 2 turns of approx. 04 mm dia 
enamelled copper wire wound in a 
ferrite bead 

RFC6: = 2 Lurnsof 1) mm dia. silver-plated 
copper wire wound on a 2.5mm 
former, self-supporting 

Metal case. 74 x 148 x 50mm 

(cover dimensions x height) 


473 


x 


VHF COMMUNICATIONS 3/83 


1.2 Construction 


A double-coated PC-board DF5QZ001 was 
designed for accommodating the local oscillator 
module (Figure 3). The dimensions of this board 
are 146 mm x 72 mm and Ilcan be mounted in the 
given metal box, 


The upper surtace ts in the form of a ground sur- 
face, which 1s only removed around those con- 
nections that are nat grounded Since the ground 
surtace of the base can affect ihe oulput power, il 
is necessary for ihe cover on the cenductor lane 
side lo be soldered all around the edge The 
component Side of ihe board does not require a 
cover 


The board 1s firstly completed from the compo- 
nent side of the board. and the 3 pF spindle 
trimmers (horizontal) are saldered from the con- 
ductor side Il is impanant that the ground con- 
nections of these Irimmers be connecied with 
ihe ground surface of the companent side of the 
board. The oultpul circuit L 10 is also mounted 
{rom the conductor side. The cold ends af L$. L 7. 
and L 8 must be “‘through-cantactea”’ to Ihe com- 


@ Us 


Fig. 4° 
Construction detatls regarding the last frequency 
doubler on OF SOZ 001 


ponent side of the board using a copper strip 
Figure 4 shows this crilical part of the board 


1.3 Alignment Detalls 


The frequency is checked aller the crystal oscil- 
lator has locked in. The subsequent Irequency 
tripler stage 1s checked wilh the aid of a dipmeter 
or frequency counter since it is possible for the 
second harmonic to be aligned instead of the 


a5 
DF5QZ oo2 


Oph | 10pF 


L6 L7? L8 


L10 


“Oyh 


BFR 36 A 


“12V 


Fig. 5: Push-pull mixer, 2-stage linear amplifter, and bias voltage supply 
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third. lf the required frequency is present al this 
position, |1 1s possible for ihe subsequent stages 
to be aligned for maximum output power An in- 
correct alignment is virtually impossible since 
these circuits have been designed exactly. The 
alignment of the A/2 ciscuil fo the final frequency 
does not present any problems and can be 
carned oul easily, 


2: 
TRANSMIT MIXER 


The mixer module comprises two BFR34A as 
push-pull mixer and two furiher transistors of 1his 
lype as selective linear ampliliers (see Figure 5). 
lL is also enclosed in a metal box, and the stages 
are buili up in separate chambers using !te7- 
mediate panels. 


Variaus allempts to use these SHF standard Iran- 
sistors, lype BFR34A. in printed circul:s on epoxy 
glasslibre boards have nal been successlul. Un- 
fortunately no allempis were made using PTFE 
board material due to the high costs envolved. It 
seems. however, thal the expected performance 
is nol wonh such expense. 


The construction recommended here uses 4/2 
air-spaced striphnes (Figure 6), and 11 seems 
that the maximum values of the semi-canductors 
have been achieved al 2300 MHz. In addition to 
this, the excellent selectivity of air-spaced strip- 


216 MHZ Dz 


IN Us Ur 


line circuils together with the chamber construc- 
ton ensures a clean oulpul signal from this 
module. 


The mixer version recommended here wilh ils 
specilic tuning of the collector circuit to the re- 
quired frequency corrects many old opinions that 
a conversion to 2300 MHz wilh a BFR34A is no 
longer possible. The problem was nol the 
BFR34A, bul the printed construction of the 
modified DF8QK type In those cases, due lo the 
undefined selectivily, the 161h harmomic of the 
2 m orive signal was radiated alter being ampii- 
fied »n the transmitter 


This problem was not present here. and the sub- 
sequent filler improves the output signal further 
so thal spurious waves are more Ihan sufficiently 
suppressed Furlhermore, an important point is 
Ihe exacl matching to the subsequent transistor 
input with the aid of the series circuit comprising 
L9. 


2.1 Components 


LS 5 turns of 1 mm Gia. silver- 
plated copper wire wound ona 
5mm dia coil former wih 
VHF-core; Input coupling: 

2 turns of insulated wire wound 
symmetrically to the center af 
a | 

Brass strips, 6 mm wide. length 
before bending = 35 mm, benl 
down 4 mm al both ends al an 
angle of 90° 


L2-LB, 


at Fig. 6: 


Construction of medule 
DFSQ2Z 002 (mixer and linear 
ampiifier) 
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L2.L10. Bent wire from 1 mm dia. 
silver-plaled copper wire, bent 
over a6 mm lormer 

RFC 1,RFC 2: 2/4 choke for 145 MHz =50cm, 


of 0.4 mm dia. enamelled 
copper wire wound ona 4mm 
former, self-supporting 
RFC 3-RFC 10 2 1urns al approx, 0.4 mm dia. 
enamelled copper wire wound 
ona25mm former, self- 
supponing 
Ceramic miniature spindle 
inmmer 05-3 pF (Philips) 
Coupling capacitors Ceramic disks of 10-3 pF 
Feedihrough capacitors: approx, 1 nF 
Metal box: 57 x 111 x 30mm 


C1-C9Q: 


2.2 Construction Details 


Construction is commenced by making Ihe holes 
for the spindle trimmers in the base of the box as 
shown in Figure 6 After this, the A/2 circutts are 
soldered into place with ihe holes for the trim- 
mers ai the cenler. after which the intermediate 
panels are also soldered into place The side 
panels are provided with the holes for the BNC- 
connectors and feedihrough capacilors After as- 
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sembling the base plale wiih the side panels. itis 
possible for the transistors, chokes. disk capaci- 
tors, as well as the 144 MHz circuil 10 be mounted 
and then soldered inio place. 


The network for adjusting the mixer balance and 
the operating paints is provided outside of the 
box on a small Vero boards. This can be srewed 
below the mixer module aflerwards Figure 7 
shows a photograph of the author's prototype. 


2.3 Alignment 


Firstly connect the operating votlage and local 
oscillator signal; measure the volilage drop 
ac‘oss the collector resistor of one of the mixer 
transislors (between +12 V and point 3 or 4). If 
the outpul cifcuil of the oscillator module 
DFSQZ001 and the input crrcuit of the mixer are 
in resonance, ihe vollage drop will increase 
clearly. The circuils should be aligned for maxi- 
mum voltage drop. 


This is followed by injeciing a 144 MHz drive 
signal (max. 15 mW'!), and measuring the vollage 
drop across the collector bias resistor of Ihe 
mixer transistor. This drive wit] cause a further in- 
crease ol voliage This is brough! lo maximum 


Fig. 7: Photograph of the author's prototype of module DFSQZ 002 
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DF S QZ 003 


with the aid of ihe core of inductance L 1 and the 
circuil Capacilance. Finally switch off the 2 m 
Carrier and adjusi Ihe quiescent currents of Ihe 
transistors to approximalely 10 mA, 


Switch on the 2 m signal again and measure the 
voltage drop across the collector bias resistor of 
the first amplifier lransistor (point 6). The collec- 
lor Circuil of the push-pull mixer, the filler circuit, 
and the input network of the first amplilier should 
now also be aligned lor maximum vollage drop 


Also align the second amplifier silage Attention 
should be paid thal one does nol align this to the 
oscillator frequency All circus are snarp 
enough |o be aligned cleanly to the required, lo- 
cal oscillator, or image Irequency! The rule of 
thumb is: The required frequency resulls with the 
trimmer virtually at minimum capacitance 


A sensitive power-meter or indicator suitable for 
the frequency should be used for aptimizing this 
module The balance of the mixer is aligned for 
best oscillator signal suppression with the aid of 
the wallmeter The most favorable values can. 
however, only be obtained with the aid of a spec- 
trum analyzer The measured Spurious suppres: 
sion amounted to 45 GB, and the output power 
was 5 mW 


The intermediate frequency of 144 MHz used 
was a disadvaniage As previously mennoned. 
the 16th harmonic of this band falls into ine 
13cm band This unwanted effect could be 
avoided easily by using a different IF (such as the 
70 cm band) However, if a Spectrum analyzer is 
available, this harmonic of the 2 m signal can be 
completely suppressed with the aid of the 2 m cir- 


Fig. 8: 
Two-stage linear amplifier for 
approx. 60 mW in the 13 cm 
band 


OUT 
2320 MHz 


[60m bw 


cust and the mixer operating points 


With respect to the oulput power, it is possible 
using this output power to communicale via a 
Iransponder ai a distance of 35 km (projected by 
OC@DA and DF5QZ) The inpul frequency was 
2320 13 MHz. the output {requency 432 75 MHz. 
The author's signal was 45 dB above noise and 
was able to drive the wanspongder fully The mixer 
operates stabily without any tendency Io oscilla- 
ton 


3. 
LINEAR AMPLIFIER WITH TWO BFR34A 


This low-power amplifier is equipped with 2 BFR 
344 and is designed to be as selective as poss)- 


! ‘ ' 
+ Us Uc +Us 4 
Fig. 9: Construction of the linear amplifier module 
DFSQZ 003 
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ble and to simultaneously provide a high. linear 
gain, These demands can only be satished when 
using chamber-type construction and when 
using atr-spaced striplines. The construction Is 
therefore identical to hat of the 2-stage amplifier 
in the mixer module 002 The SHF-circuit is 
shown in Figure 8. 


The bias voltage supply is carried oul according 
io the circuit diagram given in Figure 5 A sketch 
given "| Figure 9 and the photograph of the 
author's prototype shown in Figure 10 give an 
impression of Ihe construction The arrange- 
ment of the circuits and the chambers is not criti- 


Fig. 10: 
Photagsaph of the author's 
prototype DFSQZ 003 


cal, however, he base connection of the transi- 
stors ‘0 the [rimmers of Ihe associated matching 
circuit should be kept as short as possible. 


3.1. Component Detalls 


L1,L3.L4,.L6,L 7. Brass strips. 6 mm wide. 
35 mm lotal lengih. bent down 4 mm at both ends 
(90°) 

L2,L 5: Bent Irom 1 mmdia silver-plaled copper 
wire wound on a 35 mm former, height 8 mm. 
Trimmers (7 pcs}: ceramic miniature spindle trim- 
mers, 0.3-3 pF (Philips) 

Metal box: 72 x 57 x 30mm 


7370MHz 


| tH? 


a ek 


2r BC 1¢) 


178 


Fig. 11: 

Two-stage linear amplifier for 
approximately 600 mW in the 
13 cm band 
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3.2. Alignment 


Firstly, acjust the quiescent currents to approx!- 
mately 10 mA and connect a power-meter or 
other indicator to the output. A signal of approx- 
mately 5 mW is now connected from the mixer 
module 002 to the amplifier module 003. The vol- 
tage drop across the two collector bias resisiors 
should now be measured again. and the reso- 
nant circuits aligned for maximum reading. The 
watimeter should finally indicate approximately 
60 mW The gain of this module was measured to 
be 12 dB. and the 3 dB bandwidth to be 23 MHz 


4. 
DRIVER STAGE 


Untcrtunately, there are virtually no cheap power 
transistors for the frequency range around 
2500 MHz. A possible type was given in (4), The 
layout of the PC-board described Ihere was mo- 
dified al one posilion, and then tested together 
with the transistor types BFQ 68 and BFQ 34. 
Whereas the BFQ 34 provided posilive results, jt 
was found that he BFQ 68 was unsuitable lor use 
on this board. It seems that the S-parameters of 
this type differed greally, which meant that 
matching could not be ablained. 


On the other hand, the BFQ 34 provided a gain of 


ess" 


Fig. 12: Single-coated epoxy PC-board Jor the linear 
amplifier equipped with twa BFQ 34 


5106 GB at 2.3 GHz. and thus an oulpu! power in 
the order of 0.5 W. It was therelore decided Io 
construct the two-slage driver equipped with two 
BFO 34, which provided the stable 10 dB gain as 
was expected, (see Figure 11) 


4.1. Construction 


The iwo-stage driver amplifier for 2300 MHz 
equipped with two BFQ 34 is accommodated on 
PC-board DF 5 QZ 004 (see Figure 12). This 
board is made from epoxy glasshbre material 
(G 10) and its dimensions are 108 mm x 52mm. 


This board can be fitted into a metal box. whose 
dimensions are 110 x 55 x 30 mm. The 1wo nel- 
works for adjusting (he quiescenm! Currents are 
built up on a piece of Vero board outside of the 
case (see Figure 13), The contact of the transi- 
sior Dolls fo the base plate of Ihe case is sufficient 


Fig. 13: 
Photograph of the author's 
prototype DFSQZ 004 
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2320 MHz 
OUT 
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IN 
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Fig. 14°) W power amplifier for the 13 cm band 
OFSQzZ 005 


for cooling The collector and base connections 
of the transistors should be shonened and cut 
with the aid of scissors belore soldering into 
place. The four chokes are Jerrite beads placed 
over the connection wires. 


4.2. Alignment of the Driver 


The quiescem current of both transistors is 
adjusted to 140 mA. The oulput should now be 
connecled lo a power meter The input signal is 
now connected, and the spindte trimmers align- 
ed for maximum output power, With an input 
pawer of 60 mW. it is possible 10 obtain an output 
power of 600 mW, as was measured in the 
author's prototype This allows a tube amplifier 
such as (2) Io de driven lo approximately 6 W Sin- 
ce the construction of such a tube amplifier re- 
quires a lot of metal work, an allemplt was made 


Metal case 
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DFSQ2Z 005 


to increase the output power further using the 
relatively inexpensive BFO 34 


5. 
POWER AMPLIFIER 


The transistor BFQ 34 was examined at higher 
Grive levels with the aid of an adjustable 
2320 MHz power source. The result was that the 
efficiency of this transistor ceases at an outpul 
power of 1.2 to 15 W. The parallel connection of 
two such BFO 34 did not result in any noticeable 
SUCCESS 


In the author's opinion, a printed construction is 
not suitable to obtain the determined 3 dB gain in 
the power range over 0.5 W. For this reason, the 
matching links were once again made in air- 
spaced stripline technology. Figure 14 shows the 
circult diagram, Figure 15 the construction, and 
Figure 16 he photograph of the author's proto- 
type 

The transistor is screwed to the base; a heal sink 
made out of 5 mm thick aluminium plate having 
the same dimensions as the case is used for 
cooling. The hole around the transistor 's careful- 
ly sawn out with the aid of a fretsaw, So that the 
base and emilter connections do not touch the 
base plate 


5.1. Components 


L1 Brass strip 6mm wide, 15 mm tong. spaced 
4mm over the base plate 
L2- Brass strip, 10 mm wide. 25 mm long; 


collector end bent down 4 mm, other end 


Fig. 15: 
Construction on the base of a metal 
case 
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should be cul as shown in Figures 14 and 
16; mounted 6 mm over the base plate. 


RFC 1.1 mm dia 
10 mm tong 


silver-plaled copper wire, 


RFC 2, RFC 4: Ferrite bead 


RFC 3:2 mm dia silver-plated copper wire. 
10 mm long 


Trimmer: 4 ceramic minialure spinde trimmers, 
0.3-3 pF (Philips) 
C {1 mounted between the connector 
and L 1 self-supporting: C 2 - C 4: for 
horizontal mounting. 


Metall case: 74 x 74 x 30mm 
Base and collector voliage supply: As in the case 
of driver DF5QZ 004. 


5.2. Alignment of he Amplifier 


Connect a power meter to the oulpul, and align a 
quiescent current to 140 mA, Connect the signal 
at the input and align for max “um output. In the 
author's prototype, | lo 1.3 W were oblained with 
a drive level of 500 to 600 mW. 


Fig. 16: 

Photograph of the author’s 
prototype 1! W power amplifier 
OF5QZ 005 
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G. Schwarzbeck, DL 7 BU 


Antenna Polarisation for OSCAR 10 


AMSAT have clearly stated that clockwise cir- 
cular polarisation will be required for commu- 
nication via OSCAR 10. However, this was nol 
completely accepled by many users in the 
first weeks of practical operation via this 
satellite. Such opinions were due to monito- 
ring the satellite incorrectly or at the wrong 
time: It will be observed that anticlockwise 
polarisation can provide a sironger signal 
when the satellite is just over the horizon 


(Fig. 1, Fig. 3), however, these are not the 
most favourable times for working via 
OSCAR 10. 


The mast favourable time for operation via 
OSCAR 10 is whenitis at its maximum altitude 
(Apogee), and it will be seen from the 
measured fieldstrengths that clockwise circu- 
lar polarisation is far more favourable, both 
with respect to fieldstrength and fading 
(Fig. 2). 


To prove this, Ihe author plotted the receive lield- 
strength on a precision measuring receiver con- 
nected lo a XY-plottes The 2 m beacon was 
received using a 8 element crossed Yagi anlenna 
in conjunciion with a polansation switching uni 
as offered by UKW-Technik, ano described in (1) 
Measurements were made just after Ihe satellile 
appeared over the horizon, al maximum altitude, 
and just belore dropping below the honzon 
During a measuring period of 60 seconds, each 
of the following polansations were selected far 
10s 


Diagonal 135° 
Diagonal 45° 
Vertical 

Horizontal 
Anuclockwise circular 
Clockwise circular 


lt wil be seen clearly that clockwise circular 


OSURE 10 ORBIT 179 tAcigs. 08s WIS UIC, MA, 52/256 (kurz nach Autgang, shortly after AOS) Py, v.B-ElAnt 


HORIZONTAL VERTIKAL 


vertical 


peeaeomeall r My 4 au horizontal _ 
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polarisation is superior at the maximum aliiude 
of approximately 35000 km. The received held- 
sirengih was an average of -127 dBm, which 
amounts 10 18 dB above the noise of aGaAs-FET 
preamplifier, The depth of fading only ammounted 
1o +410 1S GB. 


One can also see from the number of fading 
penods (spin af the satellite times 3) thal one of 
the anlennas 1s defective. You will notice that the 
depth al the fading ts far more pronounced with 
linear polarisation than with circular (except al 


OSCAR 1D ORBIT 171 (4.Sep 1983} 


Polaris; diagonal 135° § diagonal 45° HORIZONTAL 


OLIBU 1983 (Plot of Beacon Signal 1 to 1.5 watts) 


ce i a 


— eS 


OSCAR 10 


VERTIKAL 
vertical 


HORIZONTAL 
hortrontal 


Polaris. 1399 diag 


45° diagonal 


OLIBU 1983 


2 Polaratiorsart 10 Schunden (10 sec. for any of 6 polamsation modes of receiving antenna 8 El, twisted Yap } 


ORBIT V7) [4.Sept.1983) 00-00 UTC, MA, 216/256 (kure vor Unte gang / almost LOS) 


the horizon, where we are probably looking side 
on to the antenna. 6¢ ). 
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Hans~J/. Griem, DJ1SL 


A Helical Antenna for the 23 cm Band 


Although OSCAR 10 was only considered 
secondarily during the conception of this 
antenna, this article describes just the anten- 
na required for operating via the 23 cm/70 cm 
transponder, 


Ty 
INDRODUCTION 


The main reason for selecting a helical antenna 
were the built-in wide bandwidth, and the circular 
polarization The wide bandwidih of the antenna 
means that itis not critical to construcl. since the 
resonant frequency is nol dependent on frac- 
lions of a millimeter! Circular polarization allows 
One lo Operate wilh stations using viriually any 
polarizalion 


One (init of this antenna is thal the direction of 
the helical) winding determines the polarization 
of the transmn and receive signals and cannot be 
switched as in ihe case of a crossed Yagi with wo 
separate feeders (1), Funihermore, the gain of the 
antenna when receiving a linearly polarized 
wave can be 3 dB lower than would be the case 
when receiving the correct circular polarization 
(2). 

These disadvanlages were acceptable since the 
authar’s geographical location in a shallow valley 
did not allow long-dislance tropospheric com- 
munications, and since he required a universal, 
simple directional antenna for communication 
on the 23 cm band A recent application for this 
antenna Is for operation via the ,,L-Transponder™ 
of OSCAR 10 Ramember. a clockwise circular- 
polarized antenna will provide 3 dB more gain in 
conjunction with OSCAR 10 than a linear- 
polarized antenna of the same gain! 
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2. 
FUNDAMENTALS 


There are a large number of publications regard- 

ing the mechanical construcvon of a helical 

anienna, such as (2) and (3) Three main charac- 

leristics were Important during the conception of 

the antenna: 

1. Good matching to the feeder cable over the 
widest possible bandwicth 

2. Low sidelobes in the polar diagram 

3 Best possible circular polarization 


All inree demands are required to obtain the 
highest antenna gain with given dimensions, in 
other words, to gel as near as possible to the 
maximurn theoretical values The author studied 
all available literature in order to determine the 
State-of-the-art, 


2.1. Matching 


Publications (2) and (3) described a matching 
network for transforming ihe characteristic impe- 
dance of the helical winding (approximately 
140 Q) to the required feeder impedance of S50 Q 
using a A/4 transformer. In (3) the matching obtai- 
ned in the 70 cm band (2.3% bandwidth) was gr 
ven as 1.4 VSWR In (4) a type of L/C-maiching 
was Gescribed, however, this was only aligned for 
a descrele frequency In (5) and (6), a stripline cir- 
Cuit with continuously varying impedance (expo- 
nential line) was used for transformation where a 
VSWR ol 15 and a bandwidth of 25% were obtai- 
ned tn (5), whereas 53% was ablained tn (6). In 
(7), a wideband maiching was achieved by using 
a Cane around the commencement of the helical 
winding instead of a flat plale reflector. This an- 
lenna was called “Heli-Cone’. The transforma- 
tion can be influenced wilhin certain limils by va- 
tying the angle of the cone. 
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Fig. 1: —eles7ie— 
Dimensions of a hellx antenna 
comprising 18 turns. for 1240-1300 MHz 


2.2. Radiation Diagramm 


Sidelobes reduce ihe antenna gain and allow 
signals to be received [rom unwanted directions, 
These unwanted signals can be ignilion interte- 
rence (yes, Ihey can still be received on this 
band!) or terrestial noise. The latter is imponant 
when using the antenna in conjunction with very 
law-noise receive syslems for space communica- 
lions (EME, salellites) Sidelabes and front-lo- 
back ratio can be improved up to 30 dB by increa- 
sing the size of the reflector and forming iI into a 
cone, however, the design of the helical winding 
can also influence the sidelobes (6). (7). 


2.3. Circular Polarization 


If a circular-polarized anlenna also generates a 
lefl-hand circular component or receives it, this 
represents lost gain, unless the other station has 
an antenna wih ihe same characieristics. A 
measure of the polarization error is the axial ralio 
of the elliptical polarization, This is a true circle 
wilh pure circular polarization According to the 
axial relationship and position of the elliptical po- 
larization of wo antennas to another, the reduc- 
lion in gain due to non-circularity can be between 
a few hundredth of a dB up to several dB (9), (10). 


As can be seen from (6) and (7), the axial ratio 
can be improved considerably by using a conical 
shaping of ine commencement and end of the 
helical winding, li seems that this reduces the re- 
flection al the end of the antenna considerably 
which means that the transition of the UHF- 
signal from the antenna to space is made without 
discontinulty. 


2.4. Characteristics of the Antenna 


As a resull of hese experiments, an anienna was 
designed according to (6) with the characteristics 
listed in table 1. 


The main characteristic is the conical form of the 
helical winding. Figure 1 shows the construction 
of the antenna in the form of a diagram. ano the 
helical winding ts only indicated. Figures 2, 3, 
and 4 show the completed antenna as a rear view 
and from the front of the antenna towards the 
reflector 
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Frequency range’ 1240 - 1300 MHz ea 
Gain: 15.8 dBi. clockwise circular for'the.23.cm bend 
(RHC) 
Sidelobe suppression -20d8 
Circularily: 06d8 ~ 107 
VSWR: 1.2 
Overall length 1117 mm 
Helical length. 1103 mm 
Hehca} diameter 
al feedpoint: 102 mm 
at the front end: 57.4.mm 
Helical winding: 3mm dia. enamelled copper 
wire 
Turns spacing 61.27 mm (calculated value) 
Reflector diameter 215 mm 
Reflector collar: 72 mm 
Boom dimensions (mm) 15x 15% 15 aluminium 
3 


CONSTRUCTION DETAILS 


The helical winding is held every haifa turn using 
an insulating support. This is made by culling 
the required length of dielectric insulation from 
an RG-21G/U coaxial cable A total of 37 pieces 
are required whose length should be approxima- 
tely 5 mm greater than the helical radius at ihe 
associated position. Of course, half the diameter 
of the boam should be deducted. These suppons 
are cul and are provided with holes al ihe correct 
position which are drilled with the diameter of the 
helical winding. All supports should now be Fig. 2: The author's prototype antenna 
placed onto the helical winding in the correct iN 

sequence, and distributed in approximately the _ aN 
correct spacing of 163 10 95 mm. which Ke S\ 
decreases approximately linearly. (a | 


Enamelled copper wire is used as helical ele- 
ment, since 11 can be bent easily and is protecied 
against corrosion The diameter is not critical, 
and 2 lo 3 mm diameter was found to be sutable 
Approximately 5 m are required. 


tis advisable 1o manufacture the boom froma 
tube with a square cross-seclion, such as 15 mm 
x 15 mm aluminium, with a wall thickness of 
15 mm. The length should be at east 1400 mm, 
in Order lo ensure thal a mast clamp can be pro- 
vided behind the reflector, The author reinforced Fig. 3: View onto the reflector 
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the boom using an additional |ube of 20 mm x 
20 mm which was glued to the boom with the aid 
of dual-component glue. Starting from the front 
of ihe boom, 37 holes of 3 mm diameter are requi- 
red for mounting the supports with the aid of 
orass scraws M3 x 20 The spacing is equal to 
half ihe spacing of the winding, which amounts 
to 30.635 mm (calculated value) 


The reflector is made from alurmnium plate. The 
circular shape of Ihe collar is approximated using 
22 cuts, in order to obtain straight mounting tabs 
which are then screwed to the reflector disk. The 
coaxial connector is Mounted in the reflector with 
a spacing of 51 mm from the center. The author 
used a 50 2 type 4.1/9.5 manufactured by 
Spinner (BN 882300), which possesses a moun: 
ting flange and a cable connection, onto which 
the helical winding was later soldered. 


Fig. 4: 
Matching device inside 
the reflector 


The whole reflector plate is mounied to the boom 
with the aid of lwo aluminium brackets so that Ihe 
commencement of the helical winding (longest 
suppor) is shifted by 90° with respect to Ihe 
coaxial sockel. The intermediate piece of helical 
winding js used later for matching The reflector 
possesses a round hole with a diameter of 30 mm 
through which the boom is placed. As can be 
seen in the photographs, il is not necessary to 
close this gap 


The helical winding is mounled onto the boom as 
follows: The boom is mounted in a vice without 
reflector and suppon. The helical winding ts laid 
Oul So that the shortest support is in the vicimly of 
the front of the antenna This supporl ts now 
screwed (to ihe boom; the brass screw can be 
screwed in lighily mto the hole where the inner 
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Orilled acc to 
helix wire 


Helix 
tadius 


a, 


Boom 


Ccorrterrs 


DJ1SL M3 x 20mm 


brass 
Fig: S: 

One of the 37 insulating supports 
made from the dielectric of RG213/U 


Helix wire 


Reflector 


Fig. 6: 
Antenna connector and helix wire, 
without matching device 


Coaxial 
connector 


le Stretched tength 
a 


Brass strip 6 mm wide 
approx. 0.5 mm thick 


DJ1Sb 


Fig. 7: The matching device 
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conductor was Originally supported (Fig. 5). In 
order to ensure that the helical winding cannol 
jump oul, bend back the end around the suppon! 
Open the vice and turn the boom by 180° and 
lighten the vice again. Pay attention {a the direc- 
tion of winding: The helical winding should farm 
a clockwise screw Form the helical winding at 
the front of Ine antenna in a semi-circular shape 
and screw in the next support into place, and so 
on until the 371h support has been mounted. 


Inaccuracies of the helical winding should be 
compensated for during mounting and after 
completion by bending and shifting the wire to 
the various supports. One is best able to see de- 
viations fram the circular form by observing the 
antenna from the front. Finally, the helical win- 
ding is fixed to each suppon by providing a glue 
into the hole provided by the anginal inner 
conduclor 


This type of construchion ensures that no metal 
pieces intecfere with the operation of the helical 
winding. 


Afier this, the reflector is mounted so that it is 
spaced 14 mm from the center of the longest heli- 
cal suppon. The end of the helical winging 1s 
then soldered to the inner conductor of the 
coaxial connector, In the author's case, this 
resulled on an arrangement as shown in 
Figure 6. 


The transformation of the charactenstc impe- 
dance of the helical winding to 50 Q was made 
wilh the aid of an exponential line, which 15 
shown in Figure 7, The shape of the brass sirip 
(that is grounded to the body of the coaxial con- 
nector) was found experimentally by observing 
the matching in ine frequency range of inlerest 
with 1he aid of a directional coupler, and by 
bending the strip carrespondingly until the return 
loss was better than 20 dB, which corresponds 10 
a VSWR € 1.2. 


It is important Ihat the strip is near to the helical 
winding al the ground end (approx 2 mm), in 
orders to ensure that the local impedance distn- 
bution is in the vicinity of 50 Q The matching ex- 
penmenis were made, by the way. with stip 
fengths of 32 mm to 60 mm, hawever, 50 mm has 
been found to be optimum, and corresponds 10 
approximately )/4 al a wavelength of 23 cm. 
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3.1. Mast Mounting 


It is advisable to reinforce the Doom using an 
extra tube of 20 mm x 20 mm in order to be able to 
use conventional mast clamps. The antenna !s 
mounied So that the commencement of the heli- 
cal winding at (he coaxial connector laces down- 
wards, which means that no rain can enier Ihe 
connector. This means that the helical supports 
are then vertical, which ensures a minimum de- 
posil of dus! and snow. Furthermore, birds are 
nol able lo use them as supponris. 


RG 214/U was used as leeder cable, since 1 was 
found to have far less reflection discontinuilies 
when measuring the impedance run up to 
1300 MHz, than similar lengths of RG-213/U (ob- 
tained from various suppliers). The measure- 
ment was made in the same way as measuring 
ine matching of the antenna, however, the lest 
object was a ring of cable (20 m or more) together 
witb a 50 Q terminaling resistor ai the far and 


4. 
OPERATING EXPERIENCE 


The characlertstics of the antenna couid only be 
judged subjectively, in other words, the measu- 
ring equipment and a measuring range were nol 
available for gain measurements The good side- 
lobe suppression was indicaled when receiving 
ihe 23 cm beacon DB@GP al Goppingen (42 km, 
non-line-ol-sight) with approximately 12 dB over 
noise, whereas il could hardly be heard when the 
antenna was rotated to both sides. CW-signals 
can be heard to far below the noise level. 


In experiments carried out focally in conjunction 
with DL7 IX 11 was found thai the helical anienna 
showed hardly any field strength variations when 
OL7 IX rotaied his indoor transmil antenna, whe- 
reas a very slrong QSB was exhibiled when 
using the author's vertical. omni-directional an- 
tenna. The results that a lar more homogeneous 
signal strength ts Obtained than when using a li- 
nearly polarized amienna 
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Further Notes On: 


The Digital Storage Module 
For Weather Satellite Images 
YU3UMV 001/002 


In the meantime. several hundreds of these digi- 
tal Storage modules are in operalion and it has 
been seen that the 64-k-storage ICs are nol so 
critical as was assumed It 1s possible to use 
(gaod) sockels if “pull-up resisiors’’ are used on 
the address multiplex lines. As can be seen in 
Figure 1, a TTL-hgh line (center) can be modu- 
lated by sls neighbouring lines (upper and lower 
in Figure 1) so that an incorrect pulse appears 
when a high-to-low transition takes place on 
these lines This cross-talk is possiole with clock 
or address lines This can be seen most easily 
when no video signal is present. Insiead of 
naving a continuous black area, the monitor will 
show a geometric patlern of brighter points. Pull- 
up resisiors aS Shown in Figure 2 provide a reli- 
able aid. The storage block 's to the ngnt-hand 
side of Figure 2. 


YU3UMV 


TTL mgh 


Dietmar Gralz of Oberursel has seni us modifica- 
bon instructions for the digital storage module 
which are loo extensive to be brought here. They 
describe citcuit modifications that allow the 
readout of Ihe storage to be made sn Ihe correct 
direction, even though il may not correspond to 
the direction of the satellite path. 


This is possible by changing both 74LS16+ (1 213, 
1214) for 74LS169. This IC 1s an up/down counter 
with which all conneclions are compatible with 
the exception of pin 1 (U/D). However, pins 7 + 10 
of 1 213, as well as pins 7 + 15 of | 214 must be 
connecied in an inverted manner. The required 
inverters are taken from the parallel! circuits of 
1 217, 


Unfonunately, Ihis requires more exlensive 
modifications on the board than may be assum- 
ed from this description, However, Ihe operating 
comlorl provided by this compensates for the 
elfort made If there is sufficient interest from 
readers, the editors are willing to either bring this 
modilication in the magazine. or to Iranslate it 
and make 1) available. 
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MATERIAL PRICE LIST OF EQUIPMENT 


described in edition 3/83 of VHF COMMUNICATIONS 


Power amplitiers for the 2 m band with V-MOS-FETs Art No. Ed. 3/1983 
1 W stage 

PC-bdoard DL1G8H 001 _— single coated. withoul comp. loc plan 6787 DM 14,50 
Pans DL1G8H/1W 1 V-MOS-FET DV 2805. 1 Z-diode 15 V, 


3 mica Wimmer Caps., 2 mica caps 

1500 pF. 2 feedthrough caps. 1 m of 
silver-plaied wire 1mm @, 1 alumin 
diecast case, 2 BNC conn., 1 10-turn pol. 


50 kQ, 6 resistors 6789 DM 132,— 
Kit DL 1GBH/1 W, complete with above pans 6790 DM 145,— 
10 W stage 
PC-board DL1G8H001 single coated, withoul comp. loc plan 6787 DM 14,50 
PC-board OL1G8H 002 — single coated, wihoul comp. loc. plan 6788 OM 12.— 
Parts OL1GBH/i0W 1 V-MOS-FET DV2810, 1 2-diode 15 V, 

2 mica Wimmer Caps., 2 mica caps 

1500 pF, 1 ceram. multilayer 1500 pF, 

2 teed-through caps.. { m of silver-plated 

wire 1mm @, 1 al, diecast case, 2 BNC 

conn , 1 10-lurn pol. 50 kQ, 1 relaise 

AS-12V. 1 electrol. cap. 1000 nF/40 V. 

6 resisiors 6791 OM 172,— 
Kit DL 1 GBH/10 W, complete with above parts 6792 DM 196,— 
100 W stage 
PC-board 0L1GBH 001 single coated, without comp. loc. plan 6787 OM 14.50 
PC-board OL1GBH 002 _ single coated, without comp. loc. plan 6788 DM 12.— 
Parts OL 1 GBH/100 W 1 V-MOS-FET DV 2880, 1 Z-diode 15 V. 

4 mica trimmer caps., 1 ceram multilayer 

cap 1600 pF, 1 mof silver-plated wire 

1mm and 2mm @. 1 BNC and 1 Min- 

flange N conn , 1 al. diecast case, 

1 10-lurn-pot 50 kQ, 1 relaise RS-12V. 

1 Alumin. electrol. cap. 1000 pF/40 V, 

4 resistors 6793 DM 618,— 
Kit DL 1GBH/100 W, complete with above parts 6794 DM 639,— 
DC6HL Varlable crystal oscillator (VCXO) for the 2 m band Ed. 3/1983 
PC-board DC6HL 012 doubdle-coated, with through-contacts 6784 DM 31.— 
Parts DC&HL 012 2 transistors. 1 special regulator, 1 Z- 

diode, 2 varactors, 2 Schotlky and 1 swit- 

ching diode. 4 coil kils, 3 coils already 

wound, 1 mins. wire 0 2mm @, 1 choke. 

1 metal case, 4 feedihrough caps., 3 tan- 

talum and 19 ceram. caps., 11 resisiors 6785 DM 99,— 
Crystal 22.550 MHz HC-43/U 6795 DM 41,— 
Kit DC6HL 012 camplete with above parts 6786 OM 166,— 
DJ7VY Directional coupler bridge for VSWA measurements Ed. 3/1983 
PC-board DJ7VY 006 double coated, silver plated 6775 OM 17,— 
Parts DJ7VY 008 1 tnned-metal case, 2 N flange-connec- 

tors, male and female, 2 BNC connec- 

tors, 8 metal-film resistors 100 Q/1%. 

4.5 mm long, 1.5 mm dia.. 28 ferrite 

beads 5 mm long, 20 cm of 50 2 PTFE 

cable type SM 50 
Kit OJ7VY 006 complete with above parts 6776 DM 95,— 
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FOR OSCAR 10 AND NORMAL COMMUNICATIONS 


Polarisations Switching 
Unit for 2 m 
Crossed Yagis 


Ready-to-operate as described in VHF 
COMMUNICATIONS. Complete in ca- 
binet with three BNC connectors. 
Especially designed for use with crossed 
yagis mounted as an "X". and fed with 
equal-length feeders. Following six pola- 
risalions can be selected: Vertical, hori- 
zonial, clockwise circular, anticlockwise 
circular, slam 45° and slant 135°. 


VSWR max 12 
Power. 100 W carrer 
Insertion loss" 011003 dB 
Phase error approx. 1° 
Dimensions: 216 x 132 x 80 mm 


Low-Noise GaAs-FET Masthead Amplifiers 
for 144 MHz and 432 MHz 
MY 144 and MV 432 


Selective High-Power Masthead Amplifiers in Waterproof 
cast-aluminium case with mast brackets. Built-in relay for 
lransmit-receive switching. PTT via coaxial cable using 
supplied RF/DC-sphiter. 


@ Noise figures: MV 144: 0 9 dB/0.6 dB ° 

(typ values) MV 432: 100B/0.8 dB 
® Overall gain. MV 144. 15/20 dB. switchable 

MV 432 .15 dB 
® Insertion loss, transmit: typ 03 dB © Connections: 
é N-Connectors 

® Maximum transmit power’ : 

MV 144: 800 W SSB, 400 CW/FM © Dimensions’ 

MV 432: 500 W SSB, 250 CW/FM 125 x 80 x 28 mm 


‘ , without brackets 
© Operating voliage. 12 V via coaxial cable i 
Further deiails on request. 


steCchnik terry 0. Bitan Jahnste 14 Postlach 80 - D-8523 Baiersdorf 
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German Quality you can afford 


technik PA 5500 


WEATHERSATELLITE 
RECEIVING SYSTEM 


The PA 5500 system 

@ professionally proved 

@ produced in small series 
offers reception and image display of the weather satellites METEOSAT & GOES 
This system is very compact, complete and ready to use. 


It consists of: 
@ special developed antenna/SHF down-converter 
@ receiver, WEFAX electronics, scan converter 
®@ black/white video monitor with extreme bandwidth 


Features: 
® zoom, timer 
@ optional: synthetic color presentation 


Detailed info, price and delivery time at the addresses below. 
UK: Microwave Modules Ltd., LIVERPOOL L9 7AN, Tel. 051-5234011. 
USA: Weathersat Inc., FREOERICK, MO 21701, Tel. (301) 694 6666. 


Other countries: 


K technik terry 0. Bitian Jahnstr. 14 - Postfach 80 - D-8523 Baiersdort 


Te! . West Germany 9133 / 855 For representatives see Cover page 2 


OUR GREATEST now with reduced dimensions ! 


DISCRETE Acoli MONOLITHIC EQUIVALENT 
CRYSTAL ppl with impedance transformation without impedance transformation 


FILTER = Termination Termination 


500 82 || 30 pF 
§00 2 || 30 pF 
500 Q || 30 pF 
500 2 || 30 pF 
1.2 kQ || 30 pF 
500 Q || 30 pF 
500 Q || 30 pF 


* New: 10-Pole SSB-fliter, shape factor 60 dB : 6 dB 1.5 


Dual (monolithic twopoje) XF-910; Bandwidth 18 kHz, Rp = 6 kQ, Case 17 
Matched dual parr (four pole) XF-920; Bandwidth 15 kHz, Ry = 6 k82, Case 2 x 17 


DISCRIMINATOR DUALS (see VHF COMMUNICATIONS 1/1979. page 45) 
for NBFM XF-909 Peak separation 28 kHz 
for FSK/RTTY XF-919 Peak separation 2 kHz 


CW-Filters — still in discrete lechnology: 


60dB'6dB44 | 500¢2!| 30 pF 
60dB-6d822 | 5008 | 30 pF 


* New ! 


KRISTALLVERARBEITUNG NECKARBISCHOFSHEIM GMBH 


D-6924 Neckarblschofshelm - Postfach 61 - Tel. 07263/6305 


ee 


